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Tests underway on canned pump design at Westinghouse Elec. Corp. 
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Problems of Locating Power Sites 
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The C-E Unit shown here is now being fabricated in the shop 
for the Tecumseh Station of The Kansas Power and Light Company 
at Tecumseh, Kansas. Black & Veatch are the consulting engineers. 

It is designed to serve a 90,000 kw turbine-generator operating 
at a throttle pressure of 1800 psig with a primary steam temperature 
of 1005 F, reheated to 1005 F. 

The unit is of the controlled-circulation, radiant type with a 
reheater section located between the primary and secondary super- 
heater surfaces. An economizer section is located below the rear 
superheater section and regenerative type air heaters follow the 
economizer surface. 

Pulverized coal firing is employed, using bow! mills and tilting, 
tangential burners. Provision is made for the use of oil and/or 


natural gas as alternative fuels. B93) 
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HEAT LOST IN FLUE GASES 
PER CENT 





UNBURNED GAS 





ZONE OF MAXIMUM 
COMBUSTION EFFICIENCY 


LOSS 








EXCESS AIR LOSS 





TOTAL AIR - PER CENT 


The new Bailey Oxygen-Combustibles Analyzer-Recorder (shown at 
right) provides a continuous two-in-one check of combustion efficiency 
by recording both oxygen and combustibles in flue gas. As shown by 
above chart, both measurements are needed to determine combustion 
efficiency. 


BAILEY announces:.:-- 


New 2 in 1 way to measure 


NSTRU 


ANT 


Combustion Efficiency 


The new Bailey Oxygen-Combustibles Analyzer-Recorder gives you a continuing double 


check on combustion economy. It’s fast response measures and records: 


1. Excess air—regardless of the fuel or combinations of fuels being burned. 


2. The mixing efficiency of your fuel-burning equipment —by indicating the amount 


of combustibles in your flue gas, resulting from incomplete mixing of fuel and air. 


Combustion efficiency depends upon fuel-air 
ratio. Too much fuel can be even more costly than 
too much air. And because of the interdependence 
of these two factors, no control that measures only 


one of them can give vou complete protection. 


Now. 


a single fast 


for the first time. you can check both with 


acting instrument, using the new 
Bailey Oxvgen-Combustibles Analyzer-Recorder 


for industrial furnaces, kilns, heaters and boilers. 
Fuel economy improves as excess air is reduced 
—until unburned fuel begins to show up in the flue gas. 


When this happens, combustion efficiency drops off 


sharply if there are further decreases in the air-fuel 
ratio. That’s why combustion gases must be ana- 
lyzed for both oxygen and combustibles to feta true 
indication of efficiency—and that is why Bailey 
coordinates both measurements on the same chart, 
to show when excess air may be reduced safely with- 


out danger of greater losses from unburned gases, 


The Bailey Oxygen-Combustibles Analyzer is 


an approy ed combustion safeguard. 


Ask your local Bailey engineer for suggestions 
on application. Equipment details in Product 


Specifications £65-1 and El2-5. P31-1 


BAILEY METER COMPANY 


MENTS 


ONTROLS 


1025 IVANHOE ROAD 


® CLEVELAND 10, OHIO 
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% + t ye ee General View of Bay Front Steam Plant 
aq r bald Lake Superior District Power Co. 


Sargent and Lundy 
Consulting Engineers 


coal handling 








at 


@ The illustration above shows the first 38,600 KW 

unit of a plant which is to be extended into a 60,200 

KW station. Coal is received by lake boat at a near-by 

deep water dock, and carried to the plant in railroad 150 Ton Per Hour Ring Roll Crusher 
cars. All handling facilities including the track hopper eS a a 
and grillage, duplex feeder, conveyors, gallery, chutes, 

tripper and all supporting structures, were fabricated in 

our shops and installed by our erectors to Sargent and 

Lundy specifications. For maximum efficiency and fixed 

unit responsibility, let the Bartlett-Snow coal handling 

engineers work with you on your next job 


DESIGNERS 


Belt Conveyor Showing Automatic 


as 
8 et Weightometer and Vertical Take-up 


ens 


“Builders of Equipment for People You Know” 














Take It Away — First of two VP Boilers — 27,000 pounds — 
clears the truck bed in the first step of its 32-story journey 
VP Boilers come fully assembled, ready for water, rail or 
road shipment anywhere in the world. 








5) ke Be 4 
Life and Casualty Tower wil! be the tallest commercial structure in the 
southeastern United States. It contains 30 floors plus basement, obser- 
vation platform and a three-story perthouse containing the mechanical 
equipment — including two VP package boilers. The building is scheduled 
for occupancy in January, 1957. It is owned by Life and Casualty Insur- 
ance Company of Tennessee. 
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a VP boiler ANYWHERE! 


anywhere the floor-loading’s adequate, of course. In Nashville’s 

nearly-finished Life and Casualty Tower, two Combustion Engineering Package Boilers, 
Type VP, were installed in a 32nd-floor penthouse — nearly 

400 feet above the street. The pictures show how the job was done. 

















Almost Home — This VP has probably shattered the altitude 
record for boilers now — and it has another 30 or 40 feet 
yet to go. That's one of the advantages of the VP. You pick 
the spot and the rigging boys will find a way to move it in. 


The completely shop-assembled VP Boiler, shown 
at left, is available in fourteen sizes from 4,000 to 
40,000 Ib steam per hr ... for operating pressures 
up to 500 psi... for pressure firing of liquid or gase- 
ous fuels. The VP Boiler has more water-cooled area 
per cubic foot of furnace volume than any other 
boiler of its size and type. The larger lower drum — 
30-inch diameter — permits a simple, symmetrical 
tube arrangement ... greater water storage capacity 
...easy access for washing down or inspection. A low 


Boiler in a Penthouse — Now it's almost settled in its per- 
manent skytop home; about set to bring up number 2. When 
the floor is ready, they'll hook up fuel, water and the job's 
done. They'll burn gas in these boilers, with oil as stand-by. 


speed centrifugal fan which is exceptionally quiet 
in operation is standard equipment. The simple 
baffle arrangement results in low draft loss...simple 
soot blowing... mo dead pockets... high heat 
absorption. The VP is enclosed in a reinforced, gas- 
tight, welded steel casing, and shipped completely 
assembled with firing equipment, fittings and forced 
draft fan. For foundation, the VP Boiler requires 
only a simple concrete slab. 


COMBUSTION ENGINEERING 


Combustion Engineering Building * 200 Madison Avenue, New York 16, N. Y. 8-928 
Canada: Combustion Engineering-Superheater Ltd. 


Steam Generating Units * Nuclear Reactors * Paper Mill Equipment * Pulverizers * Flash Drying Systems * Pressure Vessels * Home Heating and Cooling Units * Domestic Water Heaters * Soil Pipe 
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Advantages of 
the Ljungstrom Air Preheater 


Size for size, recovers more heat than 
any other type. 


Eliminates cold spots . . . keeps corrosion 
to minimum 


Easier, faster to clean and maintain. 


Requires far less supporting steel and is 


out of quickly erected. 











10... air preheater installations 
are Ljungstrom* [AXIMUM HEAT RECOVERY is one important rea- 


son. As a general rule, a height of one inch of the heating surface used in a Ljungstrom Air Pre- 


heater will recover about as much heat as one foot of length of the standard surface of conventional 


type air preheaters. For the interesting full story, send for a free copy of our 38-page manual. 


The Air Preheater Corporation 60 East 42nd Street, New York 17, W. Y. 
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POWELL 


for all valwe needs 


SWING CHECK VALVES 
For Straight Through Flow, 
Less Pressure Drop. 


a oo ee 
wou 
GATE VALVES 


For Straight Through Flow, 
Less Pressure Drop. 


GLOBE VALVES 

For Throttling Service. 

Controis Flow To Any 
Desired Degree. 


LUBRICATED 
PLUG VALVES 


For Quick 
Positive Shut-off. 


HORIZONTAL LIFT CHECK VALVES 
For Prevention 
Of Back Flow 
Through The Line. 


“¥" ‘VALVES NUCLEAR VALVES 
i Combines Advantages Powell Can Supply 
ANGLE VALVES Of The Gate Special Vaives 
For Throttling Service. Eliminates _——_ - And Globe Valves. For Complex Problems 
Use Of Elbows And Extra Fittings. With Straight Line Flow. Facing Modern \ndustry. 


for every flow control problem there is a right Valve 


Powell can supply this right valve—made here. For complete information on the f SL 


IPEREODMANCE 
right of the right material*. Every part wide range of sizes and materials avail- i FURMANCE 


of every valve must pass rigid inspection. able in each type of the basic valves illus- 


And as a final step in manufacture, every trated above, consult your Powell Valve 

Powell Valve has Performance Verified distributor. If none is located near you 

through an act ne test. or if you have a special flow control prob- 
As an aid in selecting the right valve lem—write direct to The Wm. Powell i 


the basic ve designs are illustrated Company, Cincinnati 22, Ohio 





The Wm. Powell Company, Cincinnati 22, ohio... 110th YEAR 


POWELL VALVES 


BRONZE, IRON, STEEL AND CORROSION RESISTANT VALVES 
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a new line of small-size 


announcing easy-to-read gauges 
and receivers 
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NEW REPUBLIC U1 GAUGES 


Individual, Independent Measuring Units for 
DRAFT © PRESSURE AND VACUUM e DIFFERENTIAL PRESSURE ¢ TEMPERATURE 


High Accuracy Receivers for Pnuematic Transmitters and Electric Meters Measuring 
FLOW e¢ PRESSURE @ CO. @ DENSITY © LIQUID LEVEL e OTHER PROCESS VARIABLES 


Now you don’t have to sacrifice instrument performance and 

Important Features readability to size considerations. With Republic’s new line of small- 

@ FIVE INCH ILLUMINATED SCALES size VS Gauges, you can save panel space, make more compact instru- 
@ INDEPENDENT, ment groupings and stil] get the accuracy, sensitivity and readability 
INTERCHANGEABLE UNITS you would expect from conventional sized instruments. Full sized 
e eco liga y amiga tere eight diaphragms, bellows and helix units in V5 Gauges assure “big” 


units to a single case gauge performance in an instrument that requires only one-fourth 


@ EASILY MOUNTED—no panel the panel space of conventional gauges. Five inch scales are almost 
po 7 , 
ae ney oe flat and are indirectly illuminated as a standard feature for easy 


@ SCALES EASILY CHANGED OR : ; 
COLOR-CODED reading — even from a distance. ~~ 
Re, [ 1) 


@ POINTER MOTION REVERSIBLE © Write for New V5 Bulletin > iz} 


@ SIMPLIFIED CONNECTIONS AT 
BACK OF CASE 


@ REMOVAL FROM FRONT OR REPUBLIC FLOW METERS CO. 


BACK 
2240 Diversey Pkwy., Chicago 47, Illinois 


~~ 
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SAVE Power, REDUCE PREssuRE, P 


ON MECHANICAL DRAFT FANS 





Accurate and efficient control of mechanical draft 
is vital in modern powet plant operation Gvrol 
Fluid Drive is inswer for all the control 
requirements ol liportant job 
lo | in wit Gvrol Fluid Drive transmits 
power through a vortex ol oil providing infinitely 
adjustable speed control to keep the fan always 
it its Optimum design or selection point 
es horsepower, gives good stable 


ssure control over the operating 


iplihes motor-starung equipment 


ses simplifies basic motor design 


ROLONG 


for the mechanical-draft application 

This reduces damaging high- and long 
duration inrush currents on the motors; eliminates 
starting shocks; provides no-load starting of high 
WRe2s that assist in the new, high-volume, high 
pressure fan wheels 

[his prolongs life of fan bearings, and 
reduces fly-ash abrasion on fan wheel, fan scroll, 
inlet boxes, and breeching connections 

\dd to these advantages the reduction in noise 

level not only a boon to operating personnel, 
but of especial importance in outdoor plants 
and you have a total of power-saving, cost-saving 
benefits which are overwhelmingly in favor of 
Grol Fluid Drive for your next power-plant 
ex palision. 





American Blower 
n m Gyrol Fluid Drive 





Smootl 


adjustable speec control 


July 1956-—C OMBUSTION 





EQuiPpMENT LiFe WiTH GyroL FLuip Drives 


ON BOILER FEED PUMPS 


Of all powel plant auxiliaries, the boiler feed 





pump consumes the greatest single segment of 
invested power. To release more of this power 
to consumer lines 
all sizes are turning to Gvrol Fluid Drive for 


more and more power plants of 


pump control 

For one thing, Fluid Drive saves power over 
the entire operating range by eliminating wastetul 
throttling by valves 

Secondly, on modern high-pressure boiler in- 
stallations, Fluid Drive permits reduction in pres 
sure, because of its adjustable-speed feature 
resulting in further power savings. 


AMERICAN 


And Fluid Drive reduces wear on bearings and 
other vital pump parts by letting the pump ope1 
ate at speeds that fit boiler demands. 

In addition, paralleling of pumps is simplified. 
And change-over from operating to standby pump 
is quick and easy — for there’s no need for boilet 
shutdown. 

Weigh these facts thoroughly when your ex 
pansion program reaches the planning stage. Better 
vet, talk them over with an American Blowe1 
engineer. His knowledge of the application of 
Gvrol Fluid Drives in modern power plants can 
prove valuable to you. Call our nearest branch, o1 
write: American Blower Corporation, Detroit 32, 
Michigan. In Canada: Canadian Sirocco Company, 


Ltd., Windsor, Ontario, 


e* ne & 


: a? 
‘@:) BLOWER 


Division of American-Standard 
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How a Buell Collection System “gangs-up” on dust 
to meet the toughest air pollution codes 


Negative a ar ae 
Gang up o particles 


\ dust particles — sttracted to 


collecting plates 


With positive gas flow control for peak efficiency . . . plus continuous 
cycle rapping to eliminate puffing . . . Buell’s “SF” Electric Precipitator 
really “gangs-up” on dust (even dust with high resistivity) to permit 


full production even under the most rigid anti-air-pollution codes. 


- FOR THE COMPLETE STORY 
" ; ’ Write: 
Buell Engineering Company 
Dept. 70G, 70 Pine Street 
New York 5, New York 


Buell Cyclones also deliver extra collec- 
tion efficiency to “gang-up” on dust: Ex- 
clusive Shave-off design harnesses double- 
eddy current and puts it to work. 


: — 


aaa - mat F 
Bee Rt wd 


Buell’s Low Resistance Fly Ash Collector 


combines high efficiency to meet present 
MECHANICAL = 


day strictness, with low draft loss for 
natural or mechanical draft installations. 
| 


ELECTRICAL 
=a Experts at delivering Extra Eficiencyin DUST COLLECTION SYSTEMS 
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ROCKWELL BUILT 
Edward Valves 





EDWARD VALVES, INC. 
SUBSIDIARY OF ROCKWELL MANUFACTURING CO. 
EAST’ CHICAGO, INDIANA | 


FORGED STEEL 
GLOBE ANO ANGLE VALVES 


-LORAWN . a ORAWING NO 


CaO 7 ae AE-3529-2 


APP'D Whats Sey 


Edward builds Globe and Angle Stop, Non-Return, 

Check, Stop-Check, Gate, Blow-Off,’ Mudline, 

Relief, Hydraulic, Instrument, Gage, and Special 
Valves and Strainers. ° 





More Kilowatt 


h REPUBLIC 


im\s | 
- ae 





~— Ser ani 
2. 


—S 
—# 














SPECIFICATIONS 


CAPACITY 
350,000 Ibs. of steam per hour 


—— —— — . S . 


DESIGN PRESSURE 
450 psi 























OPERATING PRESSURE 
400 psi 








STEAM TEMPERATURE 
700°F, 





HEATING SURFACE (Boiler) 
12,550 sq. ft. 





HEATING SURFACE (Water Walls) 
7,530 sq. ft. 














Weldi Widest Range off Standard. Stools 


STEEL 
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Hours for Joplin Area 


Boiler Tubes 


ELECTRUNITE 


Joplin, a progressive city investing millions in 
redevelopment, has been called Missouri’s fastest 
growing industrial center. 

To serve the area’s rapidly increasing electrical 
requirements, the Empire District Electric Company 
recently completed a new steam generator at its 
nearby Riverton Power Station located at Riverton, 
Kansas. This boiler, with a capacity of 350,000 Ibs. 
of steam per hour, is designed to operate at 400 PSI 
and 700°F, and is part of a modernization program 
replacing eighteen smaller boilers in the same plant. 


The new boiler, designed and installed by Com- 
bustion Engineering, Inc., New York, includes near- 
ly 85 tons of tubing, of which thousands of feet were 
supplied by Republic. 

Good performance on previous jobs makes Repub- 
lic ELECTRUNITE Boiler Tubing a popular choice with 
leading boiler manufacturers. They know they can 
count on complete dependability and maximum 


efficiency in every foot of tubing. 


Republic makes sure of this in every step of man- 
ufacture. Foremost safeguard is the electric welding 
process which produces a precise, uniform wall 
thickness, assuring efficient, even heat transfer all 
around and throughout the length of each tube. Thin 
spots cannot occur. And each tube is hydrostatically 
or electrically tested in excess of code requirements. 

Get all the facts on Republic ELECTRUNITE Boiler, 
Condenser and Heat Exchanger Tubing from your 
local Republic Representative. Or check coupon for 
desired literature. Ask for Republic’s handy wall 
chart entitled ‘““Care and Maintenance of Boiler Tub- 
ing.” It’s a handy guide to protecting your boiler 


installation. 


STEEL 


and Steck. Produada 
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Uniform diameter and concentricity of Republic ELECTRUNITE Boiler 
Tubing is demonstrated here where several lengths of tubing are 
inserted in drum simultaneously. Uniform ductility of Republic steel 
permits smooth, accurate bends—plus full expansion roll-in. 





Uniform wall thickness of ELECTRUNITE Boiler Tubing permits fast, 
easy welds with no danger of burn-throughs due to thin spots. And 
uniform roundness of each tube helps joining with no delays. 


REPUBLIC STEEL CORPORATION 

Dept. C-2279 

3172 East 45th Street, Cleveland 27, Ohio 
Please send 

[) Illustrated booklet giving facts on 

ELECTRUNITE® Boiler Tubes 

0 8-page brochure on Heat Exchanger Tubir 

O Ha d 


ert 


p-------------- 











Still another installation of Lukens 20% Type 304 stainless-clad steel coal handling equipment... this time at Picatinny Arsenal, Dover, N. J 


Clad Steel Chosen Again... @ Substantial economies from lower maintenaz 


chutes, hoppers, bunkers, pipes and spreader 





@ Freedom from hangups and the damagin 


fects of sulfuric acid corrosion from wet coal 


COAL GLIDES SMOOTH AS @ Toughness proved by installations l0 y 


showed no measurable wear 
@ Evidence of service life that matches the | 
SILK THROUGH ARSENAL’S 5) we , ak * es . 9 isi . : osannelate 
, ready bricatior permanence 


stainless steel cladding and strong, low 


NEW CHUTES AND HOPPERS! _ packing... overall quality hat delivers ih 


costs, longer life, and trouble-free operation 





ind Shy el 
r Id whicl 
1e bolle 


bond between 


carbon steel] 


maintenance 


Want Performance Facts product information to help 
Just as so many others are doing, plant engineers of Pica your engineers make the most of clad steel the names 
tinny Arsenal, U.S. Army Ordnance Corps, selected stainless of some of the nation’s best and most experienced coal 
lad steel for their giant new coal handling chutes and hop handling equipment builders? Write Manager, Marketing 
pers. Throughout the country, the switch is more and more to Service, 845 Lukens Building, Lukens Steel Company, Coates 
clad steel— because of these demonstrated advantages ville, Pennsylvania 
Cy yh; ra fi rity 
= k at . ‘a . » ¥ Rp. R ; 
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FOR INTERIOR COAL HANDLING EQUIPMENT 


LUKENS STEEL COMPANY, COATESVILLE, PENNSYLVANIA 


Producers of the Widest Range of Types and Sizes of Clad Steel Available Anywhere 
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1 1] te Refract ervie 
NERAL REFRACTORIES COMPANY 


a ek 
Philadelphia 2 


A COMPLETE REFRACTORIES SERVICE FOR STEAM GENERATION 


Monolithic linings of GREFCO plastic fire- 
brick are economical and will provide long 
uninterrupted service. Three high quality mixes 
are available for various furnace conditions with a 
selection of well engineered iefractory and high 
temperature allo netal anchors for various 


combinations and thicknesses. 


GREFCO plastics are manufactured at three stra- 
tegically located plants in Pennsylvania, Missouri 
and Georgia. Stocks are maintained for prompt 
truck delivery at all company warehouses and 
dealers in principal cities. 


When you specify GREFCO you are assured of 
quality second to none. The world’s finest and 
best equipped refractory laboratory is constantly 
developing new products and improving old ones. 
District laboratories constantly check raw mate- 
rials and finished products. GREFCO places great 
emphasis on uniform high quality. 


SUPER BRIKRAM MIX-G—a super duty quality plastic fire- 
brick with a special binder which provides an airset when 
material is air dried. Provides high strength throughout 
the entire thickness of the wall or arch 


SUPER BRIKRAM—a plastic firebrick of super duty quality 
for furnace linings where conditions warrant the use of 
super duty quality. Has excellent resistance to spalling 
and high temperatures 


BRIKRAM—a plastic firebrick of high duty quality. Excellent 
for patching or complete turnace linings where conditions 
do not require a super duty quality refractory 
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EW! 


MOST STREAMLINED INLET 


inlet bell matching the deep drawn wheel 


note smooth 


flange to form a “true half circle’ inlet 


into W hee l. 


DEEPER BLADES FOR DEEPER “BITE” — note 


exceptionally deep blade design in photo 


“BUFFALO” 


a new high 


below. This improves air flow thru blade 
channels. Flanged hubs—smoothly curved 


for best air entry conditions. 


The wheel has been dynamically tested in 
the “Buffalo” Vacuum Pit possible only 
at “Buffalo”. By spinning various rotor 
designs to destruction the optimum 

wheel construction was deter- 

““Buftalo” 


mined another 


“Q” tactor.* 





BUFFALO 


BUFFALO, 


Canadian Blower & 


BLOWING 
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“Deep Blade” AIR FOIL FANS 


in forced draft performance 


IMPROVED FAN OUTLET — reduces outlet 92° MECHANICAL EFFICIENCY — not an 
air turbulence from fan cutoff into duct by inflated claim, but proved performance you 
making more even, gradual change from can expect in field operation. 

velocity to static pressure. Without this 


complete streamlining of inlet, housing 


SMOOTH 


AND outlet, such high efficiency 
< : DIVERGENT 


¥ 


is impossible. is. — 


WRITE FOR ALL ENGINEERING DATA AND 
RECOMMENDATIONS ON YOUR DRAFT PROBLEM 














built-in Ouality which provides trouble-free satisfaction and long life. 


FORGE COMPANY 


NEW YORK 


Forge Co., Ltd., Kitchener, Ont. 


INDUCED DRAFT EXHAUSTING FORCED DRAFT COOLING HEATING 
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ONLY BY EXPERTS 


IT’S NOT WORTH THE CHANCE 
—CLEAN IT RIGHT 


chemical cleaning service for industry 


A SERVICE SUBSIDIARY OF THE DOW CHEMICAL COMPANY 








A 
New, Better Coagulant 


nALCO 
500 


POLYELECTROLYTE 


@ As 4 coagulant in water clarification, and undef 
many proces® coagulation conditions, new and different 
Nalco 609 has shown such great promise, both in 
perform ince and economy characteristics, that it has now 
been made available for general use as an established 


member of the Nalco family of chemical aids tO industry: 


Extremely difficult coagulatio® conditions provide 
espec! lly economical applications for Nalco 600. 
Ic can be used alone or in conjunction with other 
coagulants A very low dosage of Nalco 600 usually 
permits as much as 50% reduction in dosage of alum, 
activated silica, 1ro0 sulfate Of clay tyP© treatments «+ * 


and results 1m 4 cleaner, clearer supernatant liquid. 


Nalco 600 ¥ as invented in the Nalco Laboratories, 
Alum plus 


and is being manufactured only by Nalco. For complete 
‘ typical pol j 
ye ectrolyte 


data on Nalco 600, and expert technical assistance 
to solve your clarification and coagulation problems, 


call Nalco now: 


NATIONAL ALUMINATE 
Telephone POrtsmo 
4 West 6th Ploce ° 
IN CANADA Alchem Limited, Burlington, 
ORTHWESTERN STATES, HAWAII! and ALASKA 
The Flox Company, Inc Minneapolis 3, Minnesote 
TALY: Nalco Italiana, $.p.A SPAIN Nalco Espanola, S.A. 
WEST GERMANY : Deutsche Nalco-Chemie GmbH 


ANOTHER 


leo* ot 


PRO 
DUCT. Serving Industry 


thro 
ugh Practical Applied Scie 
nee 
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PIT-POCKED 


In power-demanding industries, pitted pipe means out- 
of-pocket expense. The annual losses in labor and mate 
rials to replace equipment damaged by cavitation and 
corrosion reach st iggering proportuons 

Che corrosive attack against this pipe was accelerated 
by mechanical action. Cold water injected into a high- 
pressure condensate return line caused steam collapse, 
re sulting in violent han mering and cavitation-erosion 
damage. Because shock forces disrupted protective films 
on the interior surface of the pipe, failure occurred rapidly 
in this short section 

Dearborn Engineers spotted the cavitation problem, 
and recommended design changes which eliminated the 


trouble. Thereafter the entire return line system was fully 


protected by Filmeen 


Dravborn 


combatting corrosion 
wherever it occurs 


PICKPOCKET 


Dearborn Filmeen, a concentrated amine treatment, 
forms a continuous corrosion-inhibiting barrier between 


This non-wettable film protects 


condensate and metal. 
against both carbonic acid and oxygen corrosion. Filmeen 
readily disperses in hot condensate, permitting contin 
uous feed direct to boiler or steam system 


Take advantage of Dearborn’s Water 
Your Dearborn Representa 


Treatment and 


Engineering “know-how.” 
tive will demonstrate Filmeen’s efficiency in combatting 


destructive corrosion. He will survey your system and 


recommend control measures and feeding arrangements 
best suited to your plant requirements. The coupon will 


bring full details. 


nical Company 
Mart Plaza, Dept 
lll 

I] 
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LOWER 
STOCKPILING 
COSTS 


Public utilities and industrial plants have found the Euclid 
4-wheel drive Twin-Power Scraper a real cost-cutter in coal 
stockpiling. The Twin-Power principle, pioneered by Euclid, 
enables this unit to load itself in loose or compacted coal. 
Movement of the standard 27.00 x 33 or optional 33.5 x 33 
tires over the pile increases compaction 10 to 15 Ibs. per cu. ft., 
eliminating spontaneous combustion problems. 


The new overhung engine TS-18 provides even more manevu- 
verability and economy than earlier Euclid “Twins” that had 
proved their advantage over other stockpiling equipment. It 
has two 218 h.p. engines, each driving a separate axle through 
a Torqmatic Drive. For jobs requiring even greater power, the 
tractor is available with a 300 h.p. engine. This new “Twin” 
can carry a 23-ton load at speeds up to 26 mph. With its 
exceptional maneuverability and ease of operation it works 
in close quarters extending, raising, and relocating stockpiles. 





To get a production and cost estimate for your coal handling 
problems, call the Euclid dealer near you. He can show you why 
Euclids are your best investment. 


EUCLID DIVISION, GENERAL MOTORS CORPORATION, Cleveland 17, Ohio 


SUCIG Equipment 


MOVING EARTH, ROCK, COAL AND ORE 





iles of lohns-Many 
lation boosts opera 


nos 


r feed water line at Plar 
a Contractor tor 
Brooks-Fisher 


of Adlant 


J-M 85% Magnesia Insulation helps cut 
fuel rate 25% below national average 


Officials of the Georgia Power Com 
pany were gratified when the coal rate 
of their new Plant Hammond worked 
out at 0.75 Ib per KW HR, 25 be 
low the national average. In their 
annual Electrical Industry Statistics, 
Electrical World had reported that 
increased efficiency in the techniques 
of power production has lowe red the 
average coal rate to | lb. per KW HR 
in 1954 

An important factor contributing 


to Plant Hammond's high efhciency 


wwe MaANvillt 


JM 


PaRoCeUeTS 


Johns-Manville 


was the selection of insulation. Johns 
Manville’s 85% Magnesia was applied 
in the most economical thicknesses 
throughout the plant for all piping 
and equipment operating in its tem 
perature range. At higher tempera- 
tures 85% Magnesia was used in 
combination with J-M Superex’ dia 
tomaceous silica insulation. 

[his is only one of thousands of case 
histories where J-M 85% Magnesia 
has helped industry achieve out- 


standing fuel savings and increased 


e 


operating efficiency. In all types of 
manufacturing and processing plants 
it is the standard for temperatures to 
600! providing high insulating 
value, easy application, long life, initial 
low cost and minimum maintenance. 
Write today for further information 
on J-M 85% Magnesia and Johns 
Manville’s complete drawing-board 
to-job-site insulation service. Address 
Johns-Manville, Box 60, New York 
16, New York. In Canada, Port Credit, 
Ontario. 


i INSULATION 


MATERIALS -~ ENGINEERING - APPLICATION 
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Energ PRODUCER EXTRAORDINARY! 


Coal-generated electric power is continually on the 


increase because Bituminous is economical and 
abundant. Billions of tons in proved reserves of 
bituminous for every purpose are available on the 
B&O. Mines operated with modern efficiency are pre- 
pared to provide the right coal for your specific needs. 


Ask our man! 


LET OUR COAL TRAFFIC REPRESENTATIVES suggest the B&O bituminous BITUMINOUS COALS 
you can bank on. Contact Coal Traffic Department—B&O Railroad, FOR EVERY 
Baltimore | j ” 

ore 1, Md. LExington 9-0400. PURPOSE 


BALTIMORE & OHIO RAILROAD 


BITUMINOUS COALS FOR EVERY PURPOSE 
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‘I got 5 years of 
service from a valve 
I expected to last 

only 90 days 


Pd 








Worthing could o1 arti 
EK. L. Bruce a small part of the 
Arkansas, off at one time. If the \v 
on some widely ope! ed, it Wo ild not té } 

newly i! led boilers. The first to lower the water level in the boiler sure when shut o1 
boiler ‘ vice generated and run the steam pressure down. until opened Monday 
600 hp operating at 200-pounds pres- This service gave Mr. Worthington Wh nities 
sure. The water w: bad that a lots of valve trouble, as can well be nen a ape 


: » . . : , 4 yressure bolle 
hot lime and soda : water softener imagined, because of the extreme I 


treatment had to be used, and it was wire drawing that occurred 
necessary to add other chemicals to 
this solution from time to time. Mr. 
Worthington wanted to use a contin- 


One day the Walworth representa- 
tives in that area, called upon Mr. 


Worthington and demonstrated the 
uous blowdown to skim 0 worst outstanding features of the Wal- 


part of the scum or l Ww: r. He worth No. 225P Bronze Globe Valve. 
installed a small blow pipe about an This valve, which has a working 
steam pressure rating of 350-pounds 
except at 


inch below the norn al watel level in 

.- WIE. ae oe ee . 2 
the hoiler Th S WO ked Well, 550 F, has a = ainless 
that the one-inch valve on the line seat and disc whit as been heat ‘em not because the 





treated to a minimut irdness of and di were wire drawn — but 
500 Brinell. After listening e se the turbulence of 
Walworth men and cal I 

225P valve, Mr. Worthir 

that he would try one 

service described. He sa 

90 days, he would cons 


had done a good job 


The valve 
came out Wi 


service 


evere operating conditions 


Other Walworth products include 
complete lines of Gate, Globe, Angle, 
Check and Lubricated Plug Valves in 
bronze, iron, steel, stainless steel and 


>» was used 24 hours a day from 








in the morning on Monday 





Saturday night, when it was 
ee a » Badieets oo = . ng: 
closed until the following Monday special alloys. Complete information 
as never opened more and literature will be furnished upon 


rs of a turn, and 


WALWORTH 


60 East 42nd Street, New York 17, New York 


request 





SUBSIDIARIES: QU] aor steet propucts co Cone Pipes CONOFLOW CORPORATION © M&H VALVE & FITTINGS CO. 
SOUTHWEST FABRICATING & WELDING CO., INC. WALWORTH COMPANY OF CANADA, LTD. 
7 
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Consult an engineering firm 


Designing and ling hundreds of heating and power installa- 
tions a year, ia l engineering firms can bring you the latest 
knowledge of f ;s and equipment. If you are planning the 


construction of iting or power facilities—or the remodel- 


ing of an existin nstallation—one of these concerns will work 
closely with you ngineering department to effect substantial 


savings not only ficiency but in fuel economy over the years. 


facts you should know about coal 


In most industrial areas, bituminous coal is the lowest-cost fuel 
available ¢ Up-to-date coal burning equipment can give you 
10% to 40% more steam per dollar ¢ Automatic coal and 
ash handling systems can cut your labor cost to a minimum. 
Coal is the safest fuel to store and use ¢ No smoke or dust 
problems when coal is burned with modern equipment ¢ Be- 
tween America’s vast coal reserves and mechanized coal 
production methods, you can count on coal being plentiful 


and its price remaining stable. 


For lowest cost 
steam, 
KVP Company 
burns coal 
the modern way 


[he engineering department of the Kalamazoo Veg- 
etable Parchment Company, following an extensive 
fuel survey, decided to meet incre ised powe r demands 


by burning coal the modern way. 


Five of eight existing coal fired boilers of varying 
age were replaced by one new boiler capable of 
burning a diversified range of coals. In addition, 
automatic coal handling equipment was installed. 
With it, coal is automatically dumped, magnetically 
cleaned, carried to the power house by a moving belt, 


crushed, pulverized and fed into the furnace. 


These new facilities have resulted in increased 
steam capacity, lower operating costs and lower fuel 


costs. 


For further information or additional case his- 
tories showing how other plants have saved money 
burning coal, write to the address below. 

NATIONAL COAL ASSOCIATION 

Southern Building e Washington 5, D. C. 





USS Forrestal, built by the Newport News Ship- 
building and Dry Dock Co., Newport News, Va., 
and equipped with I-R boiler feed pumps 





Ingersoll-Rand multi-stage centrifugal 
boiler-feed pump, Type CNTAM. 


Boiler Feed Pumps 


on ULS.S. FORRESTAL 


For the ultimate in reliability, 

the USS Forrestal’s mighty power plant depends 
on 12 Ingersoll-Rand boiler feed pumps. 
Ingersoll-Rand builds a complete line of pumps 
for the marine industry, to meet most of 

vour applications. For further information, 

see your nearby I-R representative. 


Ingersoll - Rand 


10-322 11 Broadway, New York 4, N. Y. 


IR EQUIPMENT 
FOR 
MARINE SERVICE 
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these four brick, commonly recommended to resist high 


> 


effects. Samples 1, 2, and 3 ftened and slumped t 


oss of usefulness even below this temperature Sample 4 


frox P t furr e mullite re fractory, is unaffected by the heat 


fourth in a series... HEAT RESISTANCE 


Unusual Properties of Refractory Materials 


Heat Resistance VALUABLE INFORMATION FOR USERS OF: 
REFRACTORIES @ CASTABLE CEMENTS @ POROUS PLATES AND TUBES 
CATALYST SUPPORTS @ OXIDE, BORIDE, NITRIDE AND CARBIDE 
HIGH-TEMPERATURE MATERIALS @ CERAMIC FIBER 


all in the new magazine ‘Refractories’ 


MAIL THIS COUPON TODAY————-——— 


; Dept. E76, Refractories Division 
HMtions may 
j The Carborundum Company, Perth Amboy, N. J. 
ts why 

Please send me the forthcoming issue of ‘’Refractories.’ 


Name Title 
hly explored in the forthcoming Crncanians 
magazine “Refractories.” Send 


Street 


City 


CARBORUNDUM 


egistered Trade Mark 





TANDEM 


rugged blow-off valves 
for high pressure boilers 





HARD-SEAT—SEATLESS COMBINATION 


® For boilers up to 1500 psi, this Yarway Unit 
Tandem Blow-Off Valve offers the maximum in 
dependable service. A one-piece forged steel block 
serves as the common body for the Yarway Stellite 
Hard-seat blowing valve and the Yarway Seatless 
sealing valve. All interconnecting flanges, bolts and 
gaskets are eliminated. The Unit Tandem at right is 
sectioned through Seatless Valve to show balanced 
sliding plunger in open position and free flow. 


HARD-SEAT—HARD-SEAT COMBINATION 


® For boilers to 2500 psi, this is the valve to use— 
Yarway’s Unit Tandem Hard-seat— Hard-seat com- 
bination. Disc has welded-in stellite facing and inlet 
nozzle has integral welded-in heavy stellite seat, 
providing smooth, hard-wearing surface. 


OVER 4 OUT OF 5 
HIGH PRESSURE PLANTS 
USE YARWAY BLOW-OFF VALVES 


Write for Yarway Catalog B-434 ‘ 


YARNALL-WARING COMPANY 
100 Mermaid Ave., Philadelphia 18, Pa. 
BRANCH OFFICES IN PRINCIPAL CITIES 


BLOW-OFF VALVES 
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Kellogg’s 


Latest and most valuable electronic addition to 
The M. W 
solving the design calculation 
power piping customers is a new, large magnetic 
drum digital computer. It can execute 500 
arithmetical operations per second; conserva- 
tively can solve 40 simultaneous equations in 30 
minutes; and has a memory capacity of over 
1000 ten-digit words. This computer is now in 
use at Kellogg’s new New York Headquarters, 


Kellogg Company’s facilities for 


and supplements a smaller computer which has 
been employed for some time at M. W. Kellogg’s 
Jersey City laboratories. 


This new computer enables The M. W. 


problems of 

















m Techniques Keep Pace 


Kellogg Company’s engineering staff to under- 
take a far greater number of precise calculations 
in less time than ever before and, as a result, to 
determine the optimum main and reheat steam 
piping designs for steam-electric power plants 
in minimum time. 

A cordial invitation to see the new Datatron 
computer at work is extended to consulting 
engineers, and to engineers of power generating 
companies and their equipment manufacturers. 
Appointments may be made by contacting the 
office of the Sales Manager, Fabricated Prod- 
ucts Division, The M. W. Kellogg Company, 
711 Third Avenue, New York 17, N. Y. 


FABRICATED PRODUCTS DIVISION 


THE M. W. KELLOGG COMPANY, 711 THIRD AVE., NEW YORK 17, N.Y. 
A SUBSIDIARY OF PULLMAN INCORPORATED 


lian Kellogg Company Limited, Toronto « Kellogg International Corporation, London e Societe Kellogg, Paris 


n Corporation, New York e Companh Ke 


99 Bras 


eira, Rio de Janeiro e Compania Kellogg de Venezuela, Caracas 


ae ae 
(KELLOGG|— 
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POWER PIPING-—-THE 


rd 


VITAL LINK 





What goes into a 


fi Shei = 

SOUND DESIGN—Richardson Engineers are career men in Besides COAL , 
the design of automatic weighing equipment for all indus- 

tries. Experience in thousands of field installations is re- 


flected in these machines. P ‘ ‘ ? 
’ Here are evidences of the careful engineering 

PVelem@meerthelje-t eter-M@mv cele ceetclet jel oMest- Lam -ceme ities) 

every scale, every product manufactured by 

the Richardson Scale Company. Richardson 

stands behind its product... protects you with 

sound design, rugged, heavy-plate construc- 

tion and gompetent nationwide service. 

That’s why you can specify Richardson Auto- 

ree¥-ta (om @te)-) Mle} (- Mv slaeMuesesle)(ac-masselie (relay 


SCALE FABRICATION—Adequate shop facilities and trained . 
workers ore “musts” for the fabrication of a quality product. P. sv ayy =oIn the Power Industry, Richardson 
ip 9 ’ 
SS Coal Scales have earned a superior 
reputation for dependability. Send for 
Bulletin 0352... and learn why. 


Cichardsen 


MATERIALS HANDLING BY WEIGHT SINCE 1902 


RICHARDSON SCALE COMPANY, Clifton, New Jersey 


Atlanta * Boston * Buffalo * Chicago * Cincinnati * Detroit 
Houston * Memphis * Minneapolis * New York * Omaha 
Philadelphia * Pittsburgh * San Francisco * Wichita * Montreal 
: z Toronto * Havana * MexicoCity * San Juan 
WELDING—Good welds, like these, are the true test of high Richardson Scales $.A. 1-3 Rue de rm Geneva, Switzerland 
quality workmanship ... can withstand the year in, year out 
impact of ‘round-the-clock operation. 


. : « 

PRECISION MACHINING—Knife edges, the heart of the CUSTOMER SERVICE—A large, competent Richardson 

weigh beam insuring long-term accuracy and dependability, field-service organization . . . with an office near every 

are produced on this modern milling machine. installation . . . is another important reason to specify 
Richardson! 


July 1956—C OMBUSTION 





u 
“PA ‘€ asOW Neg “Ig NODS hie Raw 4 TUIUP IL) SPL) | PLaysnp uy * uy" sued 
*@21AI2E YIM PIOS Sj>NPOsg paseauiBug “snyosoddy S045 ‘suDy s0\sO0WO. ev a . ; wig ‘ 
——_ Buye 2S PUO UOjsig jONsNpU) PeseWWoOY UO WeWYy ‘sBundno>y S4sO4 Yum Asysnpur seyddns osjo uors = 


aig veddoy 41 “GW “E IYOWILIVE * “INI ‘ANVdWOD SY3ddON * NOISIAIC SLDNGONs TW13W | SUaddOH | "1% nae : eal 


Ww * : 
ssonpas 3 yun JUIQED Iwedwos sty) “MOU 1e9p ur ‘smoys unsTing e954 | = Lat 
SHYOLVLIdIDIUd JILVLSOULIINI pt sevens din Gis alee rou 


OL 6 g Z 9 S +> ¢ 2 l Iwi | 








ty pen PULA’ FROG bee 2 2ZOULE 


sob #0 aboyjoar 4aA0-240 puo aboyjor swyogidioaad 


waanjeg Sob Moddbu Ag pajoripul AIUZ/IIIY{A PASCPdsU 

P he 4 } Pee fa 222 Zl revepodrozed. 497 G Pafor/p JH? P / 
4 

C2P77FPO QOL? VOW P27? PUP cweloy 








VOLVINIFS YFMOd DILVWOLNY SYFTAAOH HLIM YOLVLINIFAd 











e Z 9 > ¢ IWIL 





tH7P7¢ Ith Ay OCP OG AF Jevaeee ‘$08 yo aboyor 48A0-240 puo aboyjor 404041012340 


a be y waamyag Soh apim Ag papo2;pus AIWIII/449 pa2npay 
aa sbeppar 2 tar Urry | RLWC ATIVANEW YOLVLIAIFAS IILVLSOULIFTI 

















G no 
ee ce 


+ ar v07 > >» Pop toh. Wy 2 

PUNAPO] UMPOMPPG 2277 | ~- :-peeessoporipy haere 
e3- ay > / et eee A \ : f6 4 

hh oe“ 772 (FTLO Vek - VIP : 


29 ee } Zz, PF = hor tf 
J” POKD PUD) PEBVHO — YO? + 





2Af 37/7) 
VV + SAL) 











SIOJHIdI9Id 314D4S01429]9 103 UOIBDADdO A9MOd DILYWOLNY PUP IVNNYW UeemMs0q 


S2Ud19jHP SAND[O4A OYF MOYs SYdDIb aAyDADdUIOD TOU WHO ANID 


COMBUSTION—July 1956 


























Both carburetor and in- 
line types are available 
in the new Copes-Vuican 
Steam-Assist Desuper- 
heater. 


Here is a desuperheater based on a new, proven principle that 
delivers more accurate control of final steam temperature for 
process work or auxiliaries. It uses steam only on lighter loads 
As load increases, the flow of assisting steam is automatically 
reduced—normally without an atomizing-steam valve. Assist 
ing steam can be off completely at high loads where no more 
than mechanical atomization is needed. Control is close, even 
at 10 degrees above saturated temperature. 

Cooling water and assisting steam are intimately mixed i 
the exclusive Swirl Chamber—upstream from the point o 
injection. No large steam bubbles form to cause annoying 
hammer or vibration. 

Incorporated into the station for close modulating control 
of cooling water flow is the new Copes-Vulcan Type CV-D 
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TEMPERATURE 
CONTROLLER 





TYPE CV-D 
CONTROL 
VALVE 

















COOLING WATER 











Normal installation of a Copes-Vulcan Steam-Assist Desuperheater is shown schematically 


Copes-Vulcan Steam-Assist Desuperheating Station! 
Valve. It is designed for the exact operating characteristics Lilien 


suited to your needs. 
Enjoy the benefits of Copes-Vulcan desuperheating, custom- 
sure of 


engineered for your individual requirements. Be 
accurate control, minimum maintenance and long service life. 


COPES-VULCAN DIVISION 


BLAW-KNOX COMPANY 


ERIE 4, PENNSYLVANIA 
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end on Shaw 


lf your operations depend on piping you can dep 





Piping specialists in paper 
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Progress in the Making 


Whenever a new 


seems possible in a long 


technology appears or a new ste] 


established technology there 1s 
ve evidence of different camps forming 


take 1s 


new, others 


ilways certain to | 
There are 
one 


believe the only course to 
full-scale attention to the 
who seem inclined to cling to the old and proved, and a 
third group, usually the frankly 
deeply interested but ind then 


Today's 


those who 
of immediate 
majority, who are 
who want to explore 

relatively orderly fashion 


move ahead in i 


power generation field faces somewhat this situation in 
the dey 

The recently 
ASME in Cle 


was both timely ag 


elopment of atomic electric power 
oncluded Annual 


1 presented a 


‘ 1 ’ 
VC 111) 


Meeting of the 
felt 
“inst this backdrop and in the best 


Semi 
paper which we 
interests of overall progress in the power generation 
field. This | paper, by C. A. Dauber, Cleve 
land Electric Illuminating Co. (ComMBusTION, August 
1956), did not discuss atomic power but it did deal with 


particular 


the recent breakthrough of the critical pressure barrier 
that provides a new tool for 
efficiency Mr. Dauber offered the 
s thinking and decisions to 


for steam and water 


higher thermal 
background of 
further the thoughts or answer the questions of other 


industry 


ms compan 


probing the possibilities of 
This rather frank 
discussion is in 


power men now 


supercritical pressure power plants 
bid for an exchange of views in open 
excellent harmony with the basic purposes of engineering 
societies and the foruras they promote 

Over and above the forum aspects of his paper Mr 
Dauber acknowledged that the confidence his company 
feels in their Avon No. 8 Unit is based on the long range 
development work of the water conditioning industry 
now producing water purities unheard of a year or two 
the that 


behind the super 


European installations 


controls 


experience in 


ago, 


4 


stands envisioned for the 


critical boiler, the advancement of metallurgy especially 
in the field 


select steam conditions one step in advance of the most 


piping ind ‘‘the company’s policy. . .to 


economical unit in order to contribute to the advance 


the art 


scope of the 


Chis acknowledgment and the size 
iuthor’s company’s investment, we 


ment ol 
and 
feel, are in the best traditions of the 
[hey represent both the industry’s alertness 


power generation 
industry 
to the new and its constant awareness of its stewardship 
responsibilities toward investor and customer in pushing 
for a prudent yet They are the 


vigorous pre gress 


answer to those who feel atomic power development may 


not be moving rapidly enough 
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industry has, by and large, 


The 


proved itself ready, willing and able to evaluate and 


power generation 
stimulate research, development and construction that 
will advance the promise of economical and practical 
electric power no matter what the source of basic energy 
Up to they ahead of demand 
requirements with production that 
permitted them to hold back or delay the wave of rising 
prices. We feel that will be 
similarly appraised, promoted, and adapted into the 


now have always been 


techniques have 


confident atomic power 


power systems’ economy and at the best possible time 


Optimizing Power Plant Components 


Mathematics has found its way into virtually every 
design of steam power plants 


the most advanced 


irea in the However, 
when economic factors are involved 
mathematical techniques continue to be 
the rigorous ap 
proaches have involved ‘“‘cut and try Actually 
there is a great deal of justification for these procedures, 


arithmetical 


addition and subtraction, and most 


methods 


especially on the part of large public utilities and ex- 
perienced consulting engineering firms, all of whom are 
capable of applying the necessary judgment factors in 
making economic evaluations. 

\nvy decision to undertake a specific power project or 
to purchase a particular type of equipment involves 
many intangibles. While experience is one way to 
encompass these intangibles in a decision that combines 
both intuitive and logical factors, it is not the only way. 
\ commendable effort to establish a sounder mathemati- 
cal base for calculating economic balance was presented 
by Prof. W. A. Wilson of the Massachusetts Institute 
of Technology at the recent ASME Semi-Annual Meet- 
ing in a paper entitled “An Analytic Procedure for 
Optimizing the Selection of Power Plant Components.’ 

[hose to whom the sight of an integral sign brings 
unhappy recollections ol ce lege calculus will find 
Prof. Wilson's paper quite forbidding, as will those whose 
prejudices have been hardened against a mathematical 
But engineers who 
are willing to assume an open-minded attitude toward a 


approach to economic problems. 


technique that gives promise of reducing the number of 
intangibles in cost evaluation and of offering a common 
basis for economic comparison of steam power plants 
will wish to study and possibly extend the techniques 
Wilson. Certainly the goal of rep- 
resenting station components by an idealization that 


proposed by Pri of 


is simple enough to be manipulated mathematically and 
sufficiently true to reality to aid in making decisions 1s 
a worthy one. 





Bankside boiler 2,934 hours’ operation, 2/16/54 Fig. 2-Bankside boiler 2,934 hours’ operation, 2/16/54 


lower bank, looking toward air inlet Air heater, top of lower bank, top of tubes in middle section 


An Investigation into the Air-heater 
Corrosion of Oil-Fired Boilers 


By B. LEES, M.Sc., A.R.I.C., M.Inst.F.} 


Central Electricity Authority 


Severe air-heater corrosion has been ex- tures with coal-fired boilers, were adopted in order to 


perienced in the oil-fired boilers at Bankside ivoid excessive air-heater corrosion 


Station, Central Electricity Authority. When these boilers were brought into operation it was 

found that, in order to obtain the required superheated 
Methods which have been successfully ap- steam temperature, 910 F, it was necessary to operate 
plied to reduce the fouling and wastage are with more excess air than desirable, the CO, content of 
described. Future experiments to ascertain the flue gases at the economizer outlet generally being 
, , kas , 10 to 11 per cent. For optimum efficiency it was desir 
optimum operating conditions, and suita- able to operate with about 13 per cent CO, at the econ 


ble air-heater design are also considered. omizer outlet, but under these conditions the super 


heated-steam temperature dropped to about S20 F 


, Occurrence ot A 1? Tleater Corrosion 
OUR boilers have » far been erected at the Bankside 


Station, Central Electricity Authority Che nor Blockage of tubes at the air inlet to the primary a1 

if each boiler is 300,000 Ibs per heater was observed soon after the boilers were com 

hr and maxinul ontinuous rating 375,000 Ibs pet mussioned In 1953 investigations were initiated to over 
hr d superheater-steam temperature 1s come the corrosion and fouling of the primary air heater 
Che units burn a residual \s an example of the severe nature of the corrosion, it 


) 


oil of p nt sulfur was necessary to withdraw boiler No. 2 from service 


Che layout of a typical boiler ts illustrated in Fig. 5 ifter only 934 hr operation. Figs. | and 3 illustrate the 

It will be ol ved that each section may be readily severe blockage encountered at the end of this period 
reached for cleaning. Drainage facilities are provided Internal caliper measurements were taken of the tubes 
lor wate! ishing the superheater, economizer and air to ascertain the rate of wastage There are 48 tubes 
heaters he secondary air heater is a normal mild-steel across the air heater from the air inlet to the air exit 
tubular air heater, and the primary air heater 1s a cast [hese are cast in sections, each section containing three 
iron tubular type with gills on the air side tubes, so that there are 16 sections across the air heater 
Che specified flue-gas exit temperature is 530 F at Caliper measurements of the tubes at the top of the 
normal economic rating (n.e.r.) and $50 F at maximum lower bank showed that the average rate of wastage at the 
continuous rating (m hese temperatures, which air inlet, i.e., in rows Nos. | to 3 forming the first sec 
ire considerably r normal flue-gas exit tempera tion. was at least 0.024 in./1000 hr and 1n rows Nos. 10 
to 12 forming the fourth section, 0.014 in./1000 hr 
These data indicated an extremely rapid rate of wastage, 
particularly as the estimates were probably rather low 
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be cemnatieatl 


AOE 


Fig. 4 Bankside boiler 2, modified, 1335 hours’ operation, 
2/14/55 


Fig. 3 Bankside boiler 2, modified, 1335 hours’ operation, 
2/14/55 


Air heater, top of lower bank, looking toward air inlet Air heater, top of lower bank, top of tubes in middle section 


owing to formation of scale on the tubes. (See Figs. 1, 3. vals, by which stage the pressure-drop had not increased 
In dealing with this problem, the first consideration substantially, the units could be cleaned reasonably 
was to keep the boilers in commission. Dry-cleaning satisfactorily. While the air heaters were maintained 1n 
methods proved to be inadequate to deal with this rapid service by this procedure, the severe rate of wastage of 
rate of fouling. Off-load water washing of the air heat the tubes at the air inlet was not appreciably reduced. 
ers was eventually adopted, but the fouling and block Investigations were initiated to ascertain whether the 
age of some of the tubes at the air inlet was extremely attack on the air heaters could be reduced. Experiments 
severe and the deposits were difficult to remove. Even are still taking place, but this paper describes some of the 


tually it was found that by water washing at 500-hr inter methods used in the initial experiments and the success 
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Fig. 5 -Gas and air flow diagram 
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Fig. 6—Variation cf dewpoint with percentage CO, in the 
flue gas 


Fig. 7~-Variation of rate of build-up with percentage CO 
in the flue gas 


1 so far in reducing the fouling of 


irried out in collaboration with 


ind the 
} 


Investigations were 


‘ 


Charringtons British Coal Utilization 


Messrs 


Research Association, who, on the basis of the results 


h id 


boilers to 


coal fired 
1 


they obtained on injection of oil into 

flu 

that similar experiments should be « 
boilers at Banksid 


that 


reduce the dewpoint of the 


gases 
irried out 
injection Io nto the base of the 
rear of the boiler lowered the dewpoint 
dew 


d that the design of the 


build-up of a conducting film on the 


It will be recall 
n order to maintain the superheated 
was necessary to operate with more 
combustion 
flu 


per cent 


excess air than is required for optimum 
CO. in the 


was 10 to 


conditior ; h the percentage ot 
ises at th monuzer outlet 
Up to 
without 


caused the CO 


the total fuel consumed was injected 
Chis 


gases to rise, but at 


ilteration to other operating conditions 
nt of the flue 
the same time | the superheated-steam tempera 
These possible to 
experimental purposes, | not for 
\s this proc 


und the rate of build-uy 


ture wert maintain tor 


routine operation 
lowered the dewpoint 
is decided to determine 
simular result ich 


fA, 


whether ved simply by r 


ducing the w <¢ 
that 


method 


Experiments showed 


increasing the CQO, content of the flue gases by this 


gave in the dewpoint similar to that 
| oil into the 


obtained with the in} On Oot fi base of the 


l 
il 12 
CO>. per cent 








boiler See Fig. 6 


build-uy 


flame from the rear of the 

The 
r.b.u 
the COs». content of the flue gases is illustrated in Figs. 6 
ind 7, the boiler operating at a constant load of 300,000 
in the percentage of COs in the 
flue gases from 10 per cent to over 15 per cent caused the 
300 F Eve1 


is shown in Fig 


variation of the dewpoint and rate of 


of a conducting film on the dewpoint probe with 


Ibs per hr \n increase 


dewpoint to drop from 245 F to below 


more marked was the decrease in r.b.u 
( Phus at 260 F the 
it 10 per CO, to less than 
content of the flue gases was slightly over 


While 


combustible 


was reduced from 700 units 
CO 
i) per cent 


r.b.u 
cent 150 units when the 

being carried out the 
fluc 
measured using the apparatus described in the 
\s h id beet 


combustible 


these experiments were 


solid matter present in the gases was 
\ppendiy 
inticipated, the mecentration of the 
flue 


gases mcreas¢ d 


solid 
is the CO 
his effect 


the decrease in 


matter in the 
content of the flue 
was partially accounted for by 
of the flu 


gas increased 
Fig. S 
volume 


ises as the CO, content of the gas was raised 


Che quantity of solid combustible matter, however, also 


increased, as shown in the upper graph, where this quan 
tity is expressed in Ibs per hr 
that 


above 13 per cent at the 


CO. content 


economizer outlet 


These tests also showed when the 
was raised 
there solid combustible matter 
ind i 


confirmed this observation 


was a rapid increase in 


smoky condition occurred Radivvisor readings 
\s a result of this series of experiments it is apparent 
that to achieve the 


with 


nunimum rate of air-heater corrosion 
a boiler fired with residual fuel oils it is essential to 
maintain the percentage of CQO» in the flue gases as high 
is possible The CO>s in 


limited to 15 per economizer 


percentage of these boilers is 
cent at the outlet; if 
i higher figure is attenipted excessive smoke is encoun 
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12 
CO. per cent 


tered These are also the best conditions for maximum 
ethicienc' 
Crossl 


prese nce 


Poll (2 
irbon monoxide in the 
reducing SO, to SO ’ 


have suggested that the 
flue gases 
may have the theory 


which may account these observations 


Bankside station 


boilers to be 


Che oil-fired boilers at generating 
first large oil-fired installed for 
England and to some extent, there 
As originally 


were the 
power generatiol 
rded as experimental 
illowed for the 
Operation ol 
CO. in the flue 
nt the designed superheated-steam 
that 1 
temperature 1t Was necessary to us¢ 
COs content of the fluc 


lore may be reg 


gned, space w installation of more 


de Sl 


superheater tubes required the boilers 


showed that when the percentage of 
gases Was » per Ct 
temperature, ‘ F, could not be achieved and 
order to attain tl 
more excess air, reducing the 
gases to 
Accordingly B« 
ducing more superheater tubes and reducing the number 
of tubes in the con thus 


it exchange in the superheater and yet 


it) per 


were modified by intr 


1 » 
n11eT to 65 


vection bank and economizer, 
increasing the he 


to be maintained 


allowing the flue-gas exit temperature 


as designed, 330 F at n.e.1 


It was not possible to modify the fourth boiler in a 


similar manner at the same time because of load require 
but it was thought that 
hould be introduced on 


had been found 


as a te mporary measure 


this 


ments 
gas recirculation boiler 
As it 


in order to reduce the radiant heat exchange in the com 


necessary to introduce excess air 


bustion chamber and increase the convection heat ex 
change in the superheater to maintain the superheated 
a similar effect could be achieved by 


his would have 


steam temperature 
introducing flue gases instead of air. 
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Fig. 8--Solid combustible matter in the flue gas 


Fig. 9 Variation of rate of wastage of tubes with CO, content 
of flue gas 


the advantage that the boiler could be operated with a 
higher CO, content, increasing efficiency and reducing 
the dewpoint of the flue gases, and yet maintaining the 
superheated-steam temperature. Ducting was intro 
duced to convey some of the flue gases from the outlet 
of the induced-draft fan into the air entering the forced 
draft fan, relying on the pressure differential to achieve 
adequate circulation 


Vodifications on Wastage and Fouling 
g 


k-ffect or 


A technique for measuring the rate of wastage of se 
lected zones in air heaters has been described in a previ 
ous paper by the author (5 This entails measurement 
of the rate of formation of the soluble iron salts in the 
deposits which form on the air-heater tubes. At the 
same time as the experimental work was being carried 
out data was collected on the rate of wastage of the tubes 
under the various operating conditions. 

\ summary of the results of these measurements at 
the top of the bottom bank is given in Table I Phis 
was the position where the highest rate of wastage was 
occurring. 

Before the modification the rate of formation of de 
posits was rapid and the wastage of the air-heater tubes 
in the first row at the air inlet was well above 0.05 in. per 
1000 hr in the most severe zone of corrosion, the top 
of the bottom bank, and even at the seventh row from 
the air inlet the wastage was 0.03 in. per 1000 hr. Cali 
per measurements of the internal diameters of the tubes 
it the air inlet mentioned previously confirmed this 

Table | compares the rate of wastage of the tubes 
before the modifications described and after the modi 
fications had been carried out. In all the experiments 
the flue-gas exit temperature was maintained at 320 F 
The these illustrated 
graphically in Fig. 9 ’ 


results of experiments are also 





With the 


Ssuriace 


boiler modified by increasing the superheater 


area it was possible to operate with 13 per cent 
CO, in the flue gases while maintaining the superheated 

Che rate of wastage decreased from 
OOO hr to 0.004 in per LO00 hr 


useful life ot the air-heater 


Steam temperature 
indi 
tubes at the 


over 0.05 in. pet 
cating that the 
ur inlet was increased at least 10 times Che effect on 
the rate of build-up of deposits is illustrated by compat 
ind 
ifter the 


htted 


ing Figs 3 taken betore the modifications with Figs 


modifications 


> and 4 


Phe ducting / 


for gas recirculation was only ade 
recirculation It was 
flue 
that 


per cent could be attained 


quate to supply up to 9 per cent 
raise the COs content of the 


but it 


desired to gases up to 


13 per cent was found 1n practice with this 


limited recirculation, only 12 
while maintaining the 
Nevertheless 


ichieved 


superheated Steam temperature 
a considerable mnprovement im pe riorm 
ithough not so marked as with the 


ince Was 


boiler modified by increasing the superheater surface 


iTea 


Air Heater 


Water washing has been found to be the most effective 
method of cle All the 


now been modified by increasing the superheater surface 


ining the air heaters boilers have 


irea It nsidered advisable to wash the air heaters 


iS CO 


every 1000 hr, although the increase in pressure-drop 


icross the primary air heater after this period is negli 


gible 


On one boiler washing 


equipment has been fitted for 


during banked periods Baffles have been fitted so that 


only the first 12 rows at the air inlet in the upper bank 


ind 15 rows in the lower bank are washed Che baffles 


ire to protect other tubes from splashing during the 


water washing pr Che optimum interval between 


cess 


washings has yet to be determined. It should be em 
phasized that on 
banked periods cannot be 


heater corrosion It is « 


load water washing or washing during 
considered to be a cure for air 


ssential to obtain a low rate of 


wastage before this process 1s adopted otherwise fre 


juent and expensive renewal of tubes will be required 


There has been considerable in efficiency and 


gain 
the oil-fired 
Bankside as the result of the experiments carried out so 


ivailability of the air heaters in boilers at 
far Che main conclusion is that it is essential to main 
CO. content of the fluc 


without 


as high as 
smoke \t Bankside 

with 13 to 14 per cent CO 
economizer outlet 


tain the gases pos 


sible Causing excessive 
this is achieved by 
flue 


lo re hie ve 


operating 


rases at the 


in the 


optimum performance in future boilers it 
is apparent that similar conditions should be attainable 


Before the modification to the boilers it was not necessary 


to use the superheater control condenser on these boilers, 


1 even after modification it was only necessary to us¢ 


\s the load falls, the quantity of 


ime 
ill 


it at the highest loads 


excess air has to be increased te maintain the super 


heated-steam temperature his is an undesirable fe 


ture of oil-fired boilers it 1s suggested 
that 


ichieved either 


In future design 
high CO» at 
by fitting larger superheater 


maintenance of lower loads may be 
control con 
the superheated-steam temperature at 


for the 


densers to lower 
lower 
If gas recirculation is adopted it is desirable that 
fan should be fitted to recirculate the flue 
induced-draft 


the high loads or by using gas recirculation 
loads 
an auxiliary 
gases from the fan outlet to the 
to the 


ind the 


primary 


ir inlet burners or to separate gas-recirculating 


»* 


ports quantity of gas recirculated should be 
controlled from the panel 
No. 4 boiler at 


at a lower flue-gas exit temperature than 


Bankside has been modified to operate 


the other boilers 


about 280 F), while maintaining a high percentage ot 


CO 1.¢ the superheater-surface area has been in 


creased, and there has not been a corresponding reduc 


tion in convection heating surface Chis boiler will be 
used to ascertain whether the flue gas exit temperature 
reduced to 280 F and possibly lower, without 


This should 


when 


can now be 


excessive ur-heater wastage effect an 


increase in efficiency compared with 


330 F at n.e.1 


appreciable 
the designed flue-gas exit temperature of 
ind 350 F at m.e.1 
Modifications to the 
tubes and increase the 


ur-heater design to reduce the air 


velocity across the gas velocity 


through the tubes at the air inlet will be introduced in 


future work to achieve low flue-gas exit temperatures 
} 
iter 


The use of additives for reducing air-he corrosion 


is also being actively investigated 


Pugh 
Electricity 


Chis paper is published by 
the Controller 
\uthority The 
indebtedness to 


permission of H. V 


London Division, Central 
gratefully acknowledges his 
Chief Chemist, E. A 


encouragement; to JT. E 


author 
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issistance in developing the dust-sampling 


Divisional 
Howes, for his and 
Brown, for his 
equipment; and to others of his colleagues in the Chem 
would not 
collaboration of the 
it Bankside 


Charringtons and to 


istry Section his work have been pos 


sible without the close Station 
Superintendent and Staff 
\lso, he is indebted to 
B.C.U.R.A. for their collaboration in the initial experi 


mental work 


generating station 
Ne SssrTs 


ill the dewpoint measurements having been 


taken by the B.C.U.R.A. staff 
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APPENDIX: Apparatus for Determining 
the Concentration of Solid Combustible 
Matter in the Flue Gases 


A diagram of the equipment is shown in Fig. 10. It 


consists of a light stainless-steel container, which when 
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Fig. 10 Filter for the determination of the dust burden in 
flue gases 


(1) Gas-sampling probe 
retaining clip 


(2) Lightly packed slag wool 
(4) Coarse inlet gauze 


(3) Spring 


(5) Filter container. (6) '/, in 


thick tightly packed slag wool around periphery of outlet gauze. (7 


Sealing washer 


flow gauge and exhauster 


loaded weighs under 200 g he equipment is designed 


to have a comparatively large surface area at the gas 


and yet can be weighed on an ana 
Glass wool may be used as the filtering 
these 


inlet, 3 in. diameter 
lytical balances 
medium tests slag wool was preferred. 
With the usual cylindrical type of filter there is a tend 
ency, unless it is packed extremely carefully, for the gas 
to travel down the sides of the vessel, thereby passing 
the filtering medium. In this unit the outlet is a fine 
the outlet plate formed into a segment of a 
Slag wool is packed fairly tightly round the 
periphery of this outlet gauze to a depth of !/, in. and the 
normal moderately light packing is used in the rest of 
the unit 


but for 


gauze in 
sphere 


Bypassing is not likely to occur, and the appa 
ratus may be used with gas flows up to 200 cu ft/hr 
without excessive pressure loss 


Che container is filled with dry slag wool, weighed, and 


(8) Fine outlet gauze 


(9) Clamping bolts (10) To 


clamped between the two end plates. The probe is in 
serted and the unit clamped to the side of the ducting. 
It quickly attains a temperature above the dewpoint of 
the thus external heating is not required. To 
obtain the total quantity of solid matter in the gas 
stream, gas is withdrawn isokinetically through the unit 


gases; 


for a given period and the container reweighed 

For all practical purposes, all the carbon collects in a 
thin layer on top of the filter medium. The top gauze 
is removed, dust brushed off into a suitable vessel, and 
the thin layer of slag wool and dust removed from the top 
The carbonaceous ma 
terial is burnt off at 500 C, and the loss in weight deter 
mined. 


of the container into the vessel 


Chis equipment has also been found to be suitable for 
determining the dust concentration in the flue gases from 
coal-fired boilers where fixed-point sampling is required 





Hot Spring Meeting in Iceland 


\t the 5th World Power Conference in Vienna, Aus 
tria, June 17-25, 


2 956, there were a number of highly 
specialized as well as highly detailed papers. One report 
quite the beaten path described the use of 
natural heat in Iceland 


As reported by 


some off 
Gunnar Bodvarsson, the fissuring of 
the crust which initiates and accompanies volcanism and 
other crystal movements greatly influences the movement 
of ground water Many secondary fissures reach com 
paratively great depths, and can thus act as channels for 
percolating ground water down to the depths where the 
crustal temperature is quite high, that is 212 F or 392 F, 
or more 

rhe water is heated in contact with the hot rock, and 
some of it finds its way to the surface again where it 
forms hot Ihe 
and 


circulation is maintained both 
the 


springs 


by hydrostatic head convection in long, very 


narrow fissures 
ibout 250 


59 


gs of this kind are found in 


Iceland 


Hot-water sprin 


locations in he temperature varies from 
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F to 212 F and the flow from a small fraction up to 250 1 
per sec 

Che most important utilization of this natural heat in 
Iceland, so far, is for domestic and greenhouse heating. 
The city of Reykjavik, the capital of the country, having 
a total population of 62,000, has a central heating system 
utilizing natural-hot water which serves a total of 32,000 
inhabitants and 
office buildings. 

The Reykjavik Hot Water Supply System pipes the 
hot water over a distance of 16 km from a number of wells 
in a thermal area northeast of the city. 
temperature of the water at the wells is 189 F 


most of the downtown industrial and 


The average 
and the 
temperature drop in the main pipeline about 37.5 F, 
that is, the water reaches the city at a temperature ol 
some 185 F. The total piping system in the city has a 
length of some 70 km and serves about 3000 houses 
The average temperature of the water at the houses is 
about 167 F. This water is pumped through the radia 
tors and wasted at a temperature of 95 F to 113 F. 
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BIRD'S-EYE VIEW shows the Esso Refinery and 
Linden Generating Station now under construc- 
tion. Pipelines shown will enable the two plants 
to exchange by-product steam for water and re- 
sidval oil for mutual savings in operating costs. 


saves money 


for utility and refinery 


Public Service Electric and Gas Co., 
N. J. cooperates with Esso Refinery 
in giant swap 


One of the biggest ‘“‘swaps”’ in industry will soon take 
place at the new $100,000,000 Linden Generating 
Station now being erected by the Public Service Elec- 
tric and Gas Company at Linden, New Jersey. 


Built to add nearly half a million kilowatts of generating 
capacity to the growing PSE&G system, this station 
will also supply all the process steam requirements of 
the huge nearby Bayway Refinery of the Esso Standard 
Oil Company. In return for this steam, the refinery will 
pipe back water and residual oil for the generating 
station boilers. By trading each other’s by-products, 


both plants will save money 


Steam for the refinery will be extracted from two 
225,000-kw General Electric turbine-generators after 


it has already done efficient work in generating electric 
power. Much of the energy content of the low-pressure 
steam would normally be lost in the condensers after 
passing through the turbine. On account of the refinery’s 
use of this relatively low-pressure steam, the new Linden 
Generating Station will have a highly economical steam 
cycle. As a result, it will probably show the most effi- 
cient use of steam—in terms of fuel-per-kilowatt-hour 
of any large power station yet in operation 

To meet the unusual requirements of this installation, 
General Electric is building the largest automatic ex- 
traction turbines ever made. The first of these units will 
handle the largest steam flow of any turbine, conven 
tional or extraction, so far designed—2,800,000 pounds 


per hour. 


Supply of process steam like this offers almost un- 
limited potentialities to electric utilities in many indus- 
trial areas. Large Steam Turbine-Generator Depart 
ment, General Electric Company, Schenectady 5, N. Y 


254-44 
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Problems Related To The Location Of 
Generating Plants, Transmission Facil- 
ities and Substations 


By L. W. CADWALLADER 


Mechanical Engineer, Potomac Electric Power Company 


Projecting the electric utility industry's 
growth rate some thirty years, the author 
states, brings into focus the tremendous 
problem facing this industry in finding 
physical sites to locate the new power 
facilities to meet this load growth. Cer- 
tain of the difficulties of site acquisition, 
today and into the future, are discussed. 


ASED on past « 
future, the 
load to approximately double once every 10 years 


xperience and predictions for the 
electric utility industry can expect its 
his rate of growth will vary somewhat from one section 
The 


rate of growth areas. 


the country to another southeastern area is one 
f the relatively hig! 
The true this rate of growth is not 


pparent until it is 


Significance ol 
projected for a substantial period of 
\ssuming the above rate of 
will be twice the 1955 load: the 
the 1965 load or 4 times the 1955 
thus becomes 8 times the 1955 load 


time say 50 vear 


growth, the 1965 load 
175 load will be double 
load; 


Chis type of comparison brings into focus the tremendous 


the 1985 load 


problem facing the utilities not only in providing the 


facilities required but 
locate them 
The proper location of 


importance because of the effect on economics of produc 


also in finding a place to 


these new facilities is of vital 


tion, transmission and distribution It is the purpose oi 
this paper to discuss some of the problems related to the 
location of these new facilities 


tine Plant 


the difficult 
inajor considerations 


Generating facilities are generally most 
all to locate the 


ivolved—some of them governmental in nature 


due to many 
These 


iv be tabulated as follows 


I WATER 
\. Supply 
B Pollutio: 
C Government Agencies 
Corps of Engineers, U. S. Army 
U.S. Dept. of the Interior 
DD. Fish Life 
FUEI 
Sources of Supply 


Exchange, A 
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B. Railroad Facilities 

. lransmission of Power 
II} [AXES 
IV \IR POLLUTION 


Wate 


With the associated problems of water pollution and 
fish life, and the varied and sometimes conflicting in 
terests of the Corps of Engineers, U. S. Army, and othe: 
government agencies, water supply has become a majo1 
problem in some sections of the country 

In selecting a generating station site, whether steam 
or hydro, the availability of usable water, either for 
cooling purposes or for power generating purposes, is of 
course an important consideration. Not only must the 
water be available in the quantities required but the 
right to use it must be obtained from the governmental 
bodies having jurisdiction over it, since, apart from such 
riparian rights as may be vested in abutting landowners, 
water is considered to be a publicly owned natural 
resource, the use of which is subject to governmental 
regulation and control 

Even if a utility has vested riparian rights in a pat 
ticular river, it will usually be necessary for the utility, 
in order to be able to utilize the river's waters for generat 
ing station purposes, to construct facilities of one kind o1 
another in the river, and through regulating such con 
struction the Federal and State governments can effec 
tively regulate the use. In this manner control of the 
use of a river’s waters may be vested in either the Federal 
government or a State government or both—depending 
on the nature of the river and its location. 

Section 9 of the Federal Rivers and Harbors Appro- 
priation Act of 1899' makes it unlawful (1) to construct 
any dam in any multi-state navigable river unless there 
shall have been first obtained the consent of Congress 
to the construction and (2) to construct any dam in any 
navigable river, whether or not multi-state, unless there 
shall have been first obtained the approval of the plans 
by the Chief of Engineers and the Secretary of the Army 

Similarly, Section 10 of the same Act?’ provides that 
from the and other structures listed in 
Section 9 of the Act, it shall be unlawful to build any 
other structure in any navigable river, outside established 
harbor lines, or where 


apart dams 


no harbor lines have been estab 
lished, except on plans approved by the Chief of Engi 
neers and the Secretary of the Army. 

In 1920, Congress enacted what now constitutes Title | 


> USCA Section 401 
USCA Section 403 





of the Federal Power Act’ and thereby in effect delegated 
to the Federal Power Commission Congress’ right to 
approve hydroelectric dams to be erected in multi-state 
navigable waters. Under that Act any utility seeking 
to construct a hydroelectric dam in any navigable waters 
must first obtain a license from the Federal Power Com- 
mission in addition to obtaining the approval of the 
plans by the Chief of Engineers and the Secretary of the 
\rmy as required by Section 9 of the 1899 Rivers and 
Harbors Act 

But if a utility 
gable river for other than hydroelectric generating pur 
for example, in order to provide a pond as a 
a steam-electric 


desires to construct a dam in a navi 
poses 
source for cooling waters to be used in 
generating station), then, while no FPC approval is 
required, the utility must still, under Section 9 of the 
1899 Rivers and Harbors Act, obtain the approval of the 
plans by the Chief of Engineers and the Secretary of the 
\rmy, together with, if it is a multi-state river, legislation 
evidencing the consent of Congress to such construction. 
Since the Federal government's control is only over 
navigable" rivers (or non-navigable rivers the flow of 
which affects navigable rivers), the question frequently 
arises as to what is meant by the word “‘navigable.”’ 
Prior to 1940, the rule for some seventy-five years had 
been that a river was navigable when navigability in fact 
existed under natural and ordinary conditions. In that 
year, however, the Supreme Court held, in United States 
V's. Appalachian Electric Power Co.,4 that when, by 
improvements with reasonable regard to cost and need, 
a river may be made available for navigation in interstate 
commerce, it is a navigable waterway of the United 
States even though such improvements have neither been 
nor authorized—it is enough that they may be 
made. There the Court found the New River, in 
Virginia and West Virginia, to be navigable even though 
for the previous twenty-five years there had been no 


made 


appreciable navigation of the river and even though the 
expenditure of large sums of money, not authorized or 
contemplated, would have been required to make it, in 
fact, a navigable waterway for interstate commerce 
Subsequently, in 1941, the United States Court of 
Appeals for the District of Columbia Circuit, on the basis 
of the Appalachian decision, held, in Pennsylvania Water 
& Power Co. Vs. FPC,° that the Susquehanna River in 
the Holtwood hydroelectric generating 
station The Supreme Court 


vicinity of the 


was a navigable river 
subsequently refused to review the decision.® 

rhe importance of these decisions may be judged by 
the fact that the dissenting Justices in the Appalachian 


case said as to the new test of improvability thus made 


If this test be adopted, then every creek in every state 
of the Union, which has enough water, when conserved 
by dams and locks or channelled by wing dams and 
sluices, to float a boat drawing two feet of water, may 
be pronounced navigable because, by the expenditure 
of some enormous sum, such a project would be possible 
85 L. Ed 


ol execution 266 


Pennsylvania Water & 


the 
and 


the Power 


\ppeals said, after comparing the history 


And in 
Court of 


case 


physical characteristics of the two rivers (1.e., the New 


and the Susquehanna 


“Enough appears from which to conclude that the 
Susquehanna, like the New, at different periods in the 
past has been used by vessels in interstate commerce 
of a kind, and that the former, like the latter, is sus 
ceptible in the future of being made navigable in 
interstate commerce if Congress should decide to 
appropriate the necessary money and to authorize the 
work to be done. And the showing of need is certainly 
no greater in the case of the New than in the case of the 
Susquehanna. Neither, for a long time past, has 
carried any interstate commerce in navigation, and it 
may well be that in the case of the Susquehanna, as 
was declared by the Supreme Court to be true in the 
case of the New, there is no present need of improve 
ments with the object of making the river usable for 
interstate navigation. But this question is no longer 
controlling” (123 F 2d 161 

It is clear that under the doctrine of these two cases 
there are very few rivers of any size which could not be 
considered to be navigable. Thus, if a river is a multi 
state one, Federal authorization is usually required for 
the construction of a dam or other structures in the river 
At the same time, the laws of the State within which the 
structure is to be erected will have to be checked, since 
it is quite possible that both Federal and State author 
izations will have to be obtained 

Of course, if it is decided that the river is not navigable 
and that interference with its flow will not adversely 
affect any navigable river to which it is tributary, then 
only the local State laws will be involved. In addition to 
laws regulating the construction of dams and other struc 
tures in rivers, many states have laws purporting to 
require the obtaining of a license before any use can be 
made of State waters, and these must be examined in 
connection with a station development 
Frequently the utility will find that for reasons of policy 
it wishes to comply with such laws even though, as a 
matter of strict statutory construction or constitutional 
law, it may not be required to do so because the utility, 


generating 


as the owner of a generating station site bordering the 
river, is vested with riparian rights to make use of the 
waters of the river of which it cannot be deprived by a 
licensing statute which makes no provision for the pay 
ment of just compensation. 

In addition to laws regulating the erection of structures 
in, and the use of, rivers and river waters, many States 
have adopted water pollution control laws for the purpose 
of protecting the waters of the State from industrial and 
other pollution. These laws are usually administered 
by boards or commissions appointed by the State 
executive and normally require an industry or other 
creator of waste to obtain a license prior to discharging 
the waste into any river within the boundaries of the 
State. In this connection, it is important to remember 
that the cooling water from a steam-electric generating 
station is generally considered to be waste matter under 
these laws so that a license must be obtained from the 
pollution authority before it may be lawfully discharged 
into the waters of the State. 

Steam-electric generating facilities can be constructed 
so as to have essentially no detrimental effect on the river 
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or stream on which they are located. Normally a 
generating plant consumes very little water. It is true 
a large quantity of cooling water is required for the plant 
condensers but all this water is returned to the river. 
In the event natural stream flow is insufficient during dry 
periods, cooling towers can be provided for supplemen 
tary operation. In this connection, it is the author’s 
opinion that cooling towers will, in the future, play an 
increasingly important part in the selection of steam 
power plant sites 

The Corps of Engineers, U. S. Army, in a recent case, 
after careful study by themselves and qualified consult 
ants, admitted that a proposed steam-electric generating 
station would not in itself have any significant effect on 
the quality or the quantity of the river water. Never 
theless, they took the position that river water quality 
affected if the utility plant attracted the 


equivalent of two medium-sized industries engaged in 


would be 


manufacturing processes in which organic wastes were 


In this particular case, both States involved 


discharged 
had water pollution control laws which were administered 
by capable personnel who could effectively control the 
location of additional industry along the river. 

The most recent addition to the many aspects of water 
termed ‘‘temperature pollution’ or 
Heat pollution should not be viewed 


pollution may be 
heat pollution 
with alarm but rather with scientific understanding and 
layout Rivers and 
of dissipating tremendous quantities 


proper engineering and design. 
streams are capable 
of heat in relatively short distances due to the evapora 
tive cooling effect of air on the surface of the water. 
Rivers that have relatively low velocity show sub- 
stantial temperature reduction per mile and such cooling 
rate 1s increased when water flows over a dam or through 
rapids. 

High dams for water storage and hydroelectric power 
development result in the impoundment of water for 
long periods of time. Contrary to popular understand 
ing, this may have an adverse effect on the quality of the 
water due to degrading of water in bottom of reservoir 
When stratification occurs 
there is a seasonal turnover resulting in delivery of water 
ind often containing objection 


because of stratification 
low in dissolved oxygen 
able 
taminants 

Another important problem, which must be kept in 
mind during layout and design, is the possible effect on 
fish life. Various groups of sportsmen, Federal and 
State Fish and Wildlife Services, and other groups, are 
Expert advice can be 


concentrations of organic solids and other con 


much interested in this problem. 
of invaluable assistance in developing layouts which are 
the least objectionable from the standpoint of fish life. 


Fu el 


The availability and flexibility of fuel supply and the 
delivered cost of fuel in cents per million Btu is another 
item of major importance in selecting a new plant site, 
because the fuel cost per kwhr generated represents in 
the range of 70 to SO per cent of the total production cost. 

Coal, of course, 
counted for 68 per cent of the electrical energy produced 


is the major source of fuel and ac 


in steam generating plants in this country in the year 
1955. Coal by the utilities in 1955 
amounted to | Railroad freight rates 


consumption 


38 million tons. 
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are high and it is not unusual for the railroad trans 
portation charge per net ton to be equal to the cost of 
the coal f.o.b. mine. In addition, the railroad freight 
rates for transporting coal do not always bear a realistic 
relationship to the mileage of the haul. 

This unfavorable freight rate situation for coal is 1a 
fluencing the selection of new generating station siies. 
More consideration is being given to the selection of 
This 
trend has been aided and accelerated by the development 


plant sites as close as possible to the coal mines. 


of 330-Kv transmission facilities. 

Furthermore, high freight rates for coal have given 
considerable impetus to the search for alternate methods 
of conveying coal from the mines to the consumer. For 
instance, the Pittsburgh Consolidation Coal Company, 
the world’s largest bituminous coal producer, 1s pioneer- 
ing in the development of transporting coal by pipeline. 
The above company is presently constructing a 110-mile 
pipeline from eastern Ohio to Lake Erie which is sched 
uled in operation early in 1957. In pipeline haulage, 
the coal is mixed with water to form a “‘slurry’’ which is 
pumped to its destination where it is de-watered and 
dried. 


Taxes 


In view of the complacent attitude taken by the public 
and politicians toward the lack of taxation of public 
power systems, it may appear somewhat unnecessary to 
list this as one of the factors affecting plant location. 
Nevertheless, it should be borne in mind that the ques 
tion of which county or which state would receive the 
a large generating station to be 


taxes levied against 


constructed by an investor-owned utility, can have a 


determining influence on the location of the new facility. 


Air Pollution 


Since World War II, there has been growing concern 
on the part of Government, civic organizations and the 
rhis 


large 


public in general over the matter of air pollution. 
has tended to focus attention on the stacks of 
steam power plants, particularly those in congested 
areas. 

For a number of years, the electric utility industry has 
been the largest single consumer of coal and, for this 
reason, has been susceptible to being pointed out as a 
source of air pollution. 

The utility industry has responded to this challenge by 
taking the lead in closer supervision of plant operation 
and in the installation of mechanical and electrostatic 
dust collector equipment, proving beyond any reasonable 
doubt that modern steam-electric generating stations 
can be built to be a “good neighbor. 


Transmission Facilities 


Transmitting large blocks of power from generating 
stations to load centers is becoming an extremely serious 
problem because of the need for land to meet expanding 
industrial requirements 


residential, commercial and 


Apart from the high prices brought about by the demands 


of developers for land in suburban areas, there is, of 
course, the related problem of finding suitable locations 
With the capital cost of 
times 


for high voltage overhead lines. 
underground transmission ranging from 4 to 12 
more than the cost of equivalent overhead facilities, it is 
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idvantage of the utility and its cus 
construction wherever 


obviously to the 


tomers to adhere to overhead 
possible 

Che purchase of transmission line right-of-way in areas 
which are suitable for development must be on a basis 
which will protect both the property owner and the 
It is not fair to the owner to ask him 
him with a taxable 


use for any 


electric company 
would leave 


could 


to sell rights which 
not 
Likewise, the utility is not 


interest in property he purpose 
except farming or gardening 
fair to itself if it does not buy adequate rights-of-way for 
present and future construction, including modifications 
which may be brought about by improvements in the art 
The obvious answer is to 


of transmitting electricity 


purchase right-of-way in fee simple and to make sure 
that the 


ind prospective 


icquired will accommodate the present 
Many utility 
ireas, follow this practice 


width 
facilities companies, 
operating in growing 

However, some companies still live in the days of right 
isermments Easements can be of 
to construct, operate 


ol-way ¢ many types 
from the simple form of the right 
to the complex form which is almost the 
title 


easement grant which clearly 


ind maintan 


equivalent of a fee simple However, it is doubtful 


has evet been in 
ull of the rights of both parties 
nflicts of interest 


was built from 


if there 
defined Perhaps a few 
cases will illustrate such « 

In 1923, 
wood to York, Pa ‘ 
right- for the 


Holt 


and 


i 69-kv steel tower line 
isements were tor a tree 
con 


uninterrupted purpose ol 


operating. ..a line or lines 


current 


structing, maintaining and 


for the transmission of electri together with 


all necessary towers, structures, poles, hangers, wires, 
cables, attachments and other appliances No width 
of right-of-way was specified rhe line constituted the 
and interruptions wer« 
so frequent due to lightning that in 1937 it 
the line by the addition of an overhead static 
wire and an underground counterpoise connected to the 
This work was stopped 
by a property owner, a shotgun and a police dog \fter 
prolonged litigation, the Supreme Court of Pennsylvania 
held and that the 


utility line was first 


main source of supply for York 


was decided 


to improve 


tower construction 


existing 


that the property owner was right 


had exhausted its rights when the 


built In other words, the proposed installation of a 


sing with two small wires 


le overhead wire, together 

it least two feet below the surface of the ground, 
tituted an additional the land for 
idditional had to be acquired from the 
Chis ruling applied to all similar easements and 


buried 


con servitude upon 


which rights 

ownel 

resulted in tl noval of the wires in other locations 
made by property owners 

In another case involving a 69-Kv pole line located 

of-way in Maryland, the rights 


limited that there is a serious 


upon an ease nent ight 
owned by the utility are s 


legal 


unprove the lin Ii 


juestion as to whether any changes can be made t 


iny proposed work should involve 


relocating structures or substituting steel towers for wood 


poles, there is no d t that additional nights would have 


to be acquire cdl 


Under Maryland law, the owner of an easement may be 


divested of his title when the owner of the fee interest 


permits his property to be sold for non-payment of taxes 
Che law apparently makes no provision for notice to the 
ind agricul 


holder \s tax assessments rise 


is supplanted by 


easement 


tural use residential subdivisions, the 
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fee owners decide that they gain nothing by paying taxes 
on land they cannot make full use of so they simply stop 
The land in the right-of-way is then sold 

authorities to the highest bidder and 
a portion 


paying taxes 
by the County 
unless the utility learns about it by accident, 
of its right-of-way may be lost unless it can purchase it 
from the tax sale purchaser or condemn it 

In contrast to these cases, let us consider the circum 
stances surrounding the purchase in 1932 of a right-of 
230-Kv tie line between Baltimore and Wash 
1932 indicated that a 
future date It v 

date of construction 


195% 


way tora 


ington. Studies made in SECOI 


line would be required at some 
realized that between 1932 and the 


now planned in owner 


of the second line part lor 
ship of the abutting land would change and that if ease 


ments were purchased, litigation would probably develop 
rherefore, except in three special cases, the entire right 
of-way, 250 feet in width, was purchased in fee simple 
Today, much of this right-of-way is closed in by apart 
houses and other developments 


ments, single family 


Land values have increased from a range of $500-$ | 000 


1932 to a range of $6000-$8000 per acre in 


per acre 1n 
Furthermore, 
1956, the right-of-way, 
circuit, has been used for a distribution substation a1 
title peri 


l he re can be 


during the period from 1952 to 


already occupied by one 250-K\ 


LOD6 


number of feeder lines. The fee simple 
these uses without further negotiation 
doubt that more of this type of long 


ning must be exercised by the electric utilities 1f they 


term forward p! 


to provide for the future needs of their rapidly grow: 
service areas, and to accomplish this with a reasonable 


capital expenditure 


Substations, even residential type substations which 
are designed and built to conform with the architecture oi 
the neighborhood, meet with strong opposition prior to 
construction his attitude is often the result of fears 
rising from suspicion and lack of understanding on the 
part of citizens and organizations unwilling to accept at 
face value the factual information presented to them by 
the utility \fter not unusual to 


receive complimentary letters from persons or citizens 


construction, it 1S 


associations who originally were in violent opposition 
Usually, the principal stumbling block to a utility's 
use of a particular urban or suburban site for a substation 
will lie either in a local zoning ordinance or in private 
restrictive covenants which have been placed on the area 
by its developer with an eye to affording protection to its 
‘ 


residents against the in-roads of nonresidential uses \ 


should endeavor to foresee these difficulties as 


as possible and certainly 


utility 


much must do everything 


possible to convince the zoning authorities and the land 
developers both of the essential nature of its substations 
insignificant effect on residential 


ind of their relatively 


land use and values 


Summary 


Investor-owned electric utilities, in seeking to locate 
their new facilities to best advantage for themselves a 
will, in the future, be sub 


Satisfactory 


nd 


the public which they serve, 
jected to increased and varying influences 


power plant sites, transmission rights-of-way for ove1 


head lines, and substation sites will become increasingly 
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difficult to obtain at a reasonable price or, for that mat- 
ter, at any result, there will be increased 
pressure brought to bear to force the utilities to put more 
of their transmission underground despite the greatly 
increased cost to the utility and its customers 

As greater demands are made on the nation’s water 
State and Federal 
irrigation and sewage disposal 


‘ 


price 1S one 


resources by local, agencies for 
municipal water supply, 
as the upsurge of industry feels the pinch of a dwindling 
availability of water for its manufacturing processes; 
and as the local water pollution control boards strive to 
coordinate the use and consumption of water and to 
control the discharge of municipal sewage and industrial 
waterways, it can be anticipated that 


wastes into the 


throughout the country, the question of water resources 
This 
increasingly complex due to the 
them 


will become more and more of a national problem 
problem will become 
many varied interests and influences—some of 
political in nature 
\nother consideration 
by far the 


(Government 


‘Uncle Sam”’ is 
The U. §S 
acres of land or 21.4 
of 1904 million acres 


is the fact that 
biggest landowner 


million 


nation s 
owns 40S 
land 


per cent of a total icreage 


No doubt, this percentage will increase with time 

It is generally recognized that the Federal Government 
has substantial land holdings in the Western States 
What is not generally appreciated is the extent of Federal 
land ownership in other states. Following are official 
figures for some of the Southeastern States 


FEDERAL LAND OWNERSHIP* 
As of June 30, 1955 


1 Acre 


Feder 2 ¢ ! n the United States 
ed by General S« Administration Avail 


1055 Pre | 
ernment Printing 


In view of all of the facts and considerations set forth 
it appears that in order to provide locations for 
essential facilities in the future, to them at 
reasonable cost and to have them available when needed, 
we in the utility industry must do a better job of “looking 
idvance but for 25 


above, 
acquire 


ahead’’—not just for 5 or 10 years in 


to 30 vears or more. 





Economically Competitive Nuclear Power 


Excerpted from remarks prepared by 


Kenneth W. Davis, Director of Reactor 


Development, U. S. Atomic Energy Com- 
mission before the 39th Anniversary Con- 


vention of the National Coal Assn. 


often talk about the ‘‘economics” of nuclear 


woods are full ot estimates ol 


for nuclear power 


powe! d the 

the ‘‘mills 
What do we meat 

\ccording to my ¢ 

tive nuclear power plant is one which when built and run 


per kilowatt-hour 


oncept, an economically competi 


under normal ippropriate indusirsal financing and 


operating practices will produce por, it the same cost 


is or at a lower cost than th mventional power 
plant which could have been tit at the san 
it the same location 


that we 


time and 


I believe may count our efforts as successful 
this 


geographical ireas of the 


met over appreciable 
United States. Although I 
i number of large-scale nuclear power 


condition 1s some 


when 


believe that quit 
plants will be built in the United States before then, I do 
not believe that many plants will be in operation which 
will L970 
I believe 

Part of the difficulty 1s 
elopment work. 


meet this definition before 1965 or possibly 


this is a fairly optimistic prediction 

that conventional plants ar« 
also responding to ce Not only are 
great strides being made in the costs and efficiencies of 


such plants, but we may find much of the technology 


developed in the yuurse of the search for nuclear power 
' 
I 


will be useful for conventional power plants as well. 
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We must not fool ourselves by assuming that our goal is 
to compete with the average plant in existence today, or 
the average plant being built today, or even the best 
plants being built today. Nuclear power is going to 
have to compete with the best power plants which can 
and will be built in the decades to come. 

The 450,000-kw, supercritical units recently announced 
by Phil Sporn for the American Gas and Electric System 
are a good example These units were said to cost $95 
million each or a cost of $122 per kilowatt and to give 
eftheiencies of 41 per cent or U 64 lb of coal per kilowatt 
hour 

It can be easily calculated that these units p/us all 
the coal needed to run them for 20 years would be fur 
nished for $255 per kilowatt with coal at $4 per tou. 
Chis is just about equal to the lowest investment cost 
for any large nuclear power plants being contemplated 
today without any allowance for fuel costs. It indicates 


the improvement which is necessary before . nuclear 
power plants can be expected to compete in the United 
States with modern conventional power plants utilizing 
cheap natural fuels 

However, we believe that nuclear power plants will 
be built one day which will have 


to, or at worst only slightly higher than 


investment costs equal 
those for con 

ventional steam plants and which will have operating 
and fuel costs equal to or substantially lower than aver 
in the United States 

law of nature 


age conventional fuel cost 
I would like to stress that there is no 


However, it 1s our best 


which requires this to be true 
scientific and engineering judgment that it can and will 
be accomplished. It must be emphasized that we do not 
vet have the technology to do it and that a great deal of 


really difficult work lies ahead before it will be achieved 
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BAYER 
STEPS UP BOILER PERFORMANCE 


DISTINCTLY 
DIFFERENT 


" 
as 


— 


Bayer Balanced Valves are 
famous fo ther 


and continued tightness 


WITH THE Bayer Balanced Valve Soot Cleaner 
the balancing chamber above the piston disc 
impounds steam when the valve closes, thus 
relieving valve parts from shock. The valves 
remain steam tight because the dashpot action 
causes the valve to seat gently. Unbalanced 
valves close with a hammer stroke and soon 
become leaky 


When stationary elements are used the 
Bayer stationary balanced vaive head may be 
furnished. Thus all the cleaning elements of 
the entire soot cleaner system can be controlled 
by the Bayer quick-opening Balanced valves. 
This gives a uniform or standard valve con- 


THE BAYER 


Bayer Single Chain Balanced 


Valve Soot Cleaner 


trolled system and in addition, when high pres- 
sures require a reduction in pressure at each 
individual element this Balanced valve unit, 
whether used with a stationary or a revolving 
element, can be fitted with an integral orifice 
plate valve. 


Piping connections can be kept in the same 
plane and undesirable bends or fittings avoided 
when the Bayer Balanced Valve is installed with 
both stationary and revolving elements. 


Valve parts are standard and interchange- 
able and when high pressure heads are fitted 
with orifice plate regulating valves these parts 
are also interchangeable. 


COMPANY 


SAINT LOUIS, MISSOURI, U.S.A. 
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A New Way to Simplify the Steam 
Power Plant 


By H. A. KULJIAN{ and W. J. FADDEN, dr.,{ 
The Kuljian Corp. 


This paper presents a new approach to 
the problem of simplifying the installation 
and operation of steam power plants. Two 
alternative methods are involved, both of 
which combine regenerative feedwater 
heaters in a single shell. One integrates 
the closed-type heat exchangers; the other 
employs a new method of using open-type 
heat exchangers with intermediate locks. 
By either method, authors expect a saving 
in initial investment of from $10.00 to 


$15.00 per kw. 


ODERN power plants are notoriously compli 
cated and appear to the layman as a baffling 
maze of various machines, heat exchangers and 

tanks, all interlaced together with many pipes and 
valves of unknown functions. Yet, basically, all of this 
equipment in a steam power plant can be classified under 
three major groups; namely, the steam-generating unit, 
the turbogenerating unit, and the heat exchangers. All 
of the other equipment is either used to interconnect 
these or contribute to their operation. 


Vodern Power-Plant Equipment 


The steam-generating unit includes the economizer, 
air preheater, waterwalls, superheater, forced-draft fan, 
induced-draft fan, pulverizers and furnace, in addition 
to the boiler itself. All of these are fairly compact. 

The turbogenerating unit includes the condenser and 
controls, and it, too, is very compactly arranged. 

But by contrast, the heat-exchanger equipment in a 
multistage bleeding installation usually includes several 
low-pressure heaters, a deaerating heater, high-pressure 
heaters with boiler feed pumps, and endless piping 
located wherever it can be squeezed in. The result is a 
complicated installation. 

The importance of heat exchangers in attaining high 
thermal efficiency in modern plant operation is well 
known to all engineers. Going to higher and higher 
pressures and temperatures will not by itself answer the 
problem of better efficiencies for the steam power plant. 
This cannot be accomplished without the use of regenera- 
tive feedwater heaters. 

In power plants most machinery such as circulating 
water pumps, pumps, boiler feed pumps, 
forced- and induced-draft fans are all rotating apparatus 
either pumping water or air into the boiler furnace, or 
sucking the products of combustion from the furnace. 
They make a considerable amount of noise and hum in 
In the heat exchanger, however, 


condensate 


the power plants. 


Semi-Annual Meeting of the American Society of 
veland, Ohio, June 18-21, 1956 


* Presented before the 
Mechanical Engineers, Cle 

t President 

t Chief Mechanical Engineer 
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there are no moving elements. Only fluids are in motion ; 
one is the water which runs through the coils with fairly 
high velocity, at the rate of 6 to 8 fps, the other is steam, 
which is bled from the turbine connected to the shell of 
the heat exchanger, being condensed continuously, 
transferring its energy into the water, thereby increasing 
the thermal efficiency of the plant. If it were not for 
these heat exchangers, it would be impossible to use 
generated power so cheaply in our industries or homes. 

While the supercritical-pressure stations constitute a 
radical change in power-plant practice, by far the greatest 
change now imminent is the use of nuclear energy for 
generating electric power. Naturally, more complex 
equipment will be added. It is, therefore, of paramount 
importance that the feedwater heating cycle be kept as 
simple and as effective as possible. 

Take for example a 150,000-kw unit. 
with approximately 100,000 sq ft of condensing surface, 
is manufactured in a single shell. For the same size 
unit, eight single-stage heat exchangers are used with a 
combined total heating surface of less than one half that 
of the condenser. 

The basic concept of incorporating all the stages of 
feedwater heating in a single shell reduces costs by: 


The condenser, 


(a) Requiring greatly simplified piping. 

(b) Reducing the number of engineering drawings. 

(c) Reducing installation cost and time. 

(d) Reducing building volume, particularly valuable 
floor space. 


In the aggregate, these four economies indicate a total 
saving of from $10 to $15 per installed kilowatt. 


Proposed New Heaters 


Two types of combined heaters are offered for both 


The closed heater 
The 


power plants and industrial plants. 
will be referred to as Type K feedwater heater. 
other is an open heater called Type K-F. 

Type K Feedwater Heater. The type K feedwater 
heater is basically a series of closed shell-and-tube type 
heaters that have been combined in a single vertical 
shell, and factory-built and tested as a single unit. Flow 
is accomplished by pumping feedwater directly from 
the condenser hotwell through the coils of the stages 
directly to the suction of the boiler feed pumps. The 
suction-head requirements of the boiler feed pumps are 
satisfied by proper selection of the discharge pressure of 
the condensate booster pump. The tubes carrying the 
feedwater are arranged in flat spirals in the horizontal 
plane, and of such a size and number as to give the best 
heat transfer. Steam bled from the turbine at the de- 
sired point passes around these tubes to raise the tem- 
perature of the feedwater to the boiler and raise the 
overall thermal efficiency of the power plant. 


51 





FEEDWATER TO 


SJ‘ BOILER FEED PUMP 





8TH EXTRACTION 
CLOSED HEATER 





DRIP OUTLET 
’ 
| -SUBCOOLING 


STH EXTRACTION _ 
CLOSED HEATER 4 + CONDENSING 
ZONE 





DESUPERHE ATING 
ZONE 


‘| 
t 


41H EXTRACTION 
CLOSED HEATER 











PRESSURE GAGE 
SEE DETAIL-B 


3RD EXTRACTION 


CLOSED HEATER 


2ND EXTRACTION 
CLOSED HEATER 





o- 


MANIFOLD 
1ST EXTRACTION . 


STEAM INLET LST _EXTRACTION 


CLOSED HEATER 


CONDENSING ZONE 


i LIQUID LEVEL 
CONTROL VALVE 











ACCUMULATED EXTRACTION , 
CONDENSATE OUTLET o = 


| DRIP PuMe 


FEEDWATER 
INLET 





Fig. 1—'‘'K’’ feedwater heater for 150,000-kw turbogenera- 
tor, 2000 psig, 1050 F, 1000 F reheat; diameter 10 ft, overall 
height 69 ft 
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t and the 
150,000-kw 
reheat, with 


Operation of K Feedwater Heater. Figs. | 
accompanying description are based on a 
1050 F, 1000 F 
eight stages of extraction heating. 

he type K feedwater heater, with its spiral-wound 
heat-exchanger tubes, consists of a tower-like, cylindrical 


turbogenerator 2000 psig, 


sheil partitioned into stages, one stage for each heater 
rhis vertical 
position on the condenser floor, as close to the turbo 


feedwater-tower assembly stands in a 
generator as possible, with the highest pressure stage at 
the top 
each stage heater to the next lower pressure unit. The 
maintained with a 


Condensed extraction steam is cascaded from 


each 
level-control rhe 
densate from the lowest pressure stage heater is pumped 


condensate level in stage 1s 


valve. accumulated extraction con 
into the inlet manifold combining with the condensat« 
booster-pump discharge rhe 


also cascaded from one unit to the next lower pressurt 


stage-heater vents are 
unit, finally cascading to the condenser 

Condensate from stage heaters, as well as from main 
condenser, enters the lowest pressure stage-heater mani 
fold at the bottom. It then passes through a number otf 
parallel coils into another manifold which becomes the 
inlet manuold for the next higher pressure stage heater 
welded to 
allow fre 


hese marifolds are entirely internal and are 
the partiticn plates at one point only, to 
expansion c. che manifolds and coils without causing any 
appreciable stress rhe remaining stages operate in a 
similar manner 

In high-pressure stages of the 
kept at the highest possible temperature level by use of 


In drain cool 


feed cycle, energy 1s 
desuperheating and drain cooling-zones 
ing, entering feedwater picks up heat from the leaving 
condensate before it is flashed to the lower pressure heatet 
and releases its heat at a lower temperature The feed 
water temperature is thereby raised a few degrees that it 
could not realize from the same heat in the lower pressure 
heater. In the desuperheating zone, the leaving feed 
water picks up heat from the 


steam, thereby raising the water temperature higher than 


incoming superheated 


the saturated steam temperature corresponding to thi 


pressure The K feedwater heater includes both drain 
cooling and desuperheating zones as required 

Che cycle efficiencies obtained by using the Type k 
feedwater heater are equal to those obtained by using 
conventional regenerative cycles. 


Type K-F Feedwater Heater. Thi Type K-F 


feedwater heater uses standard tray type open heaters 


new 
and deaerating heater, as now manufactured, which art 
combined in a vertical tower 

Flow from one heater to another is accomplished by 
through 


oravity a novel arrangement of receiving and 


discharging locks. A pair of locks is interposed between 
each heating stage. One lock is steam equalized to the 
heating stage immediately above and receives water from 
that flow The other lock is steam 


equalized to the next heating stage and discharges water 


stage by gravity 
by gravity to that stage 

When a lock is emptied and the other is full, a transfet 
valve is automatically operated to interchange the 
functions of the locks so the full one discharges to the 
high-pressure stage and the empty one receives water 
from the low-pressure stage 

rhis operation continues with a frequency of transfer 


as required by the boiler load 
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By this means water flows from the low-pressure stage 
to the high-pressure receiver without requiring pumps 

In the case of the open-type heater, feedwater is finely 
divided to mix with the extracted steam, since small 
particles present the most surface to absorb the vapor 
Steam condenses on the water droplets heating them to a 
value approaching the Direct 
contact heaters remove all dissolved oxygen in excess of 
0.03 ml per liter. When such 
duce the dissolved oxygen to 0.005 ml per liter, it be 
deaerating heater (1 Removal of dissolved 
the feedwater to the boiling 
id presenting as big a surface as pos- 


boiling temperature 


a unit is designed to re 


comes 
gases depends on heating 
point, agitating it a1 
sible to liberate the gas and absorb heat by condensing 
the steam 

In the Type K-F heater, feedwater is fed into a 
of trays and falls from tray to tray by overflowing. 
Steam completely envelops the trays, and heats and de 
aerates the feedwater along its path to the bottom of the 
Shell. It is a well-known fact that direct-contact heating 
of feedwater has the advantage of 0 F terminal difference 
over that of indirect heating. 

Operation of the Type “K-F.’’ The K-F 
heater-tower assembly is also a completely factory built 
It starts with the lowest pressure heater 


series 


feedwater 


and tested unit 
it the top, progressing downward to the highest pressure 
direct-contact heater and finally to the receiver at the 
bottom. The at the same 
the highest extraction stage. _ The highest pressure ex 
traction steam is first desuperheated in the closed heater, 
and enters the receiver at approximately saturated con 
dition. The for this closed heater is 
completely open to the steam space in the 
is automatically included 
refer to Figs. 5 and 6 


receiver is held pressure as 


condensing zone 
receiver 
Condensed steam (drains 
the receiver liquid space 

Inasmuch as the feedwater temperature at the boiler 
feed pump suction is below that for vaporization, these 
but operate under a 
With this design, net 
positive suction head for boiler feed pumps is no longer a 


pumps will not get steam bound, 
positive suction head at all times 
station design factor 

Figs. 5 and 6 and the description below are based on a 
150,000-kw turbogenerator, 1000 F, 1000 F 
with seven stages of extraction heating. Refer 
The operation for 


1800 psig, 
reheat, 
to Fig. 7 for heat-balance diagram 
the 150,000-kw unit is as follows 

Exhaust steam from the 
condensed in the condenser and collected as condensate 
Makeup is added at this 
discharge this con 
densate through the control valve, to the 
condensate inlet at the top of the heater. Condensate 
enters the first heater by spilling over the edges of inlet 
distributing troughs in weir fashion, requiring only a very 
low head. Condensate is then intimately mixed with 
steam by spilling over the heating trays. Steam from 
the first extraction enters the heater uncontrolled, along 
with vented steam from the receiving lock. 

The remaining open heaters operate in the 
manner as just described. No storage is provided within 
each heater, however, as the receiving lock in each case 
acts as an effective storage compartment. With the 
exception of the lowest pressure heater which vents to the 
all other stage venting is taken care of by 


turbogenerating unit is 


in the condenser hotwell 


point. ‘the condensate pumps 


condensate 


same 


condenser, 
Bibliography at the end of the article 


Numbers in parentt refer to 
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SEE DETAIL-A 
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Fig. 2—Plan of typical extraction closed heater 
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SECTION "A- A’ 


Fig. 3—Details of extraction closed heater of Fig. 2 
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N°7 INLET MANIFOLD 
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IST EXTRACTION CLOSED 
HEATER INLET MANIFOLD 


Fig. 4—Orientation of inlet and outlet manifolds 





the equalizing steam connection. (See Fig. 7, p. 55.) 

The receiver contains two desuperheaters, one for the 
Oth extraction and one for the 5th extraction. A 7th 
extraction mounted within. 

Suction to the boiler feed pump is taken from the 


closed heater is also 


hg 
STEAM VALVE 


WN 

















FROM BOILER ® 
FEED PUMPS 


TO BOILER 
FEED PUMPS 
= 
Fig. 5—‘‘K-F”’ feedwater heater for 150,000-kw turbogen- 
erator, 1800 psig, 1000 F, 1000 F 
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receiver and discharged through the 7th extraction closed 
heater to the boiler. 

Control System. The control for the K-F 
heater is designed to maintain a practically steady flow 
to each heater for a given load on the turbine, thus mini 
mizing fluctuations in the extraction line 
Basically, the control system for each stage is made up 
of three elements: (1) primary demand, (2) correction 
for head variation, and (3) correction for flow to the suc 


system 


pressures. 


ceeding stage. 

Heat Balance. It is interesting to note that the heat 
rate for the regenerative cycle when using the K-F feed 
water heater combined with a closed heater is better 
than that of the same cycle employing conventional 
closed heaters. 

Fig. 7 is a heat balance for a 150,000-kw, 1800-psig, 
1000 F, 1000 F, reheat, 1'/2 in. Hg, preferred standard 
turbo-generator with seven stages of feedwater heating. 
With the exception of the direct-contact-heater terminal 
differences, the assumptions made were comparable to 
manufacturers’ handbook assumptions; the 
heat rate for the K-F cycle is 0.425 per cent better than 
that found in the handbook (2). 

Assumptions, (3 
(a) 3 per cent pressure drop turbine shell to ex 


he ywever, 


traction flange 

5 per cent pressure drop extraction flange to 
heater 

Boiler feed pump power included 

900 Ib per hr ejector steam 

Generator Hy» pressure 0.5 psig 

Zero per cent makeup. 


4 


(g) Ejector condensate leaves at 135 F 


It is possible in the foregoing heat balance to improve 
the heat rate still further by bettering the terminal 
difference of the high-pressure heater rhe foregoing 
assumptions were made for comparison purposes. In 
the case of the 150,000-kw heat balance, the heat rate in 
Fig. 7 can be improved by approximately 8S Btu per 
kwhr by using the desuperheating coils for heater No. 6 
to improve the terminal difference on heater No. 7 

Heat-balance studies of other size units indicate ap 
proximately better heat than those 
found in the handbook, using the same assumptions 


per cent rates 


Industrial A pplication Of ““K-F’’ Lock For 
Single Deaerating Heaters 


So far in this paper, multistage open-type heaters and 
utility-type installations have been discussed. 

The new K-F lock arrangement described is applied to 
the single deaerating-heater installation for industrial 
use. The heater can be located at the same level as the 
boiler feed pumps, thus eliminating expensive supporting 
structure. In addition, savings will be made in the 
boiler-feed-pump horsepower and initial pump costs. 

Where boiler drum maintained on the 
boiler-feed-pump suction, pumping horsepower 
only overcome static head plus friction drop in piping 

Maintenance of K and K-F Feedwater Heaters. Re- 
liability and ease of maintenance of equipment are al- 


pressure is 
need 


ways foremost in the minds of power-plant operating 
personnel; however, design engineers sometimes lose 
sight of these problems. In the K and K-F heaters, 
emphasis has been placed on rugged design and simplicity 
of construction for low maintenance problems. 
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FROM 7 TH EXTRACTION 


(COLD REHEAT ) 7 TH EXTRACTION CLOSED HEATER 


\ 6TH EXTRACTION DESUPERHEATER 
TO BOILER xX 


8 


TO 6TH EXTRACTION 
OPEN HEATER 


TO 5 TH EXTRACTION 
OPEN HEATER 


CONDENSATE FROM 


0 
FROM BOILER DISCHARGING LOCK ABOVE 


FEED PUMPS 


RECEIVER 5 TH EXTRACTION DESUPERHEATER 


SECTION "A A" 
Fig. 6—Sections through “‘K-F"’ feedwater heater of Fig. 5 


In the Type K-F feedwater heater, the valves and 
controls are of simple construction and require very little 
attention. Both open and closed heaters are provided 
with access manholes foreasy inspection and maintenance. 


Conclusion 


The last decade was a tremendously active and stimu- 
lating one in the power industry. But the power engi- 
neer’s problem, production of the maximum amount of 
power with the minimum amount of fuel, is still the same. 

The complicated feedwater heating apparatus in pres- 
ent-day power plants must be simplified. The use of a 
single, integrated, multiple heat exchanger will sub- 
stantially reduce building size, piping systems, erection 
time, and many other costs. Both the types described 
above are designed to meet this need for streamlining the 
modern power plant. 


DISCHARGING AND RECEIVING LOCKS 
FOR HIGH PRESSURE OPERATION 
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DISCHARGING AND RECEIVING LOCKS 
FOR LOW PRESSURE OPERATION 
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Fig. 7—Heat balance for a 150,000 kw, 1800 psig. 1000 F, 1000 F reheat, 1'/: in. Hg preferred standard turbo-generator with 
seven stages of feedwater heating 
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GRINNELL VARIABLE 
SPRING HANGERS... 


Another Grinnell First ! 


Grinnell pre-engineered spring hangers are 
now offered in two new lines to meet the need 
for spring hangers in installations subject to 
highly corrosive industrial conditions and to 
severe weather exposure. 

These hangers are the result of extensive 
experimentation with various coatings for 
Grinnell’s standard pre-engineered spring 


hangers. In addition to providing flexibility 
in pipe suspension, they provide versatility of 
application through their corrosion-resistant 


characteristics, They are... 


— for highly corrosive con- 

ditions such as those found in chemical plants 

and refineries. A// parts of the hanger are neoprene 

coated to protect the base metal from a wide range 

of corrosives, The flex life of the spring is unaffected 

by the neoprene . . . the coating resists cracking or 
flaking over a wide temperature range. 


— for outdoor installations where 

weather conditions are severe. All parts of the 

hanger are galvanized except the spring, which is 

neoprene coated to avoid alteration of temper, hy- 

drogen embrittlement and decreased flex-life of the 

spring — usual hazards to springs from the galvan- 
izing process. 


GRINNELL 


AMERICA’S #1 SUPPLIER OF 
PIPE HANGERS AND SUPPORTS 


Grinnell Company, Inc., Providence, Rhode 


welding fittings 
pipe 


pipe and tube fittings ° 
Grinneil-Saunders diaphragm valves ° 


industrial supplies ° 


Island ° 


* prefabricated piping * 


GALVANIZED or 
NEOPRENE 
COATED CASING 


GALVANIZED or 
NEOPRENE COATED 
RODS and 
TURNBUCKLE 


NEOPRENE 
COATED 
SPRING 


GALVANIZED or 
NEOPRENE COATED 
BOLTS and NUTS 


AVAILABLE IN 7 TYPES FOR 
THESE TYPICAL APPLICATIONS 


(A) Rod threaded to top cap (B) Furnished with 
single lug (C) Two lug style (D) Top adjusting 


—) 


(E) Adj 


top and bott 


(F) For floor 





support (G) Trapeze assembly. 


Along with the obvious cdvantages of 
such corrosion and weather-resistant 
characteristics, consider these features... 

Maximum variation in supporting force 
per '2" of deflection is 104% of rated 
capacity — in all sizes. 

Precompression® assures operation of 
spring within its proper working range, 


as well as saving valuable erection time. 
Reduced over-all height saves space. 
18 sizes available from stock for load 
ranges from 53 Ibs. to 12,000 Ibs. 
Available in 3 spring lengths for travel 
ranges of 114, 22, and 5 inches. 
Installation is simplified by integral 
load scale and travel indicators. 


*Precompression is a patented feature. 


* engineered pipe hangers and supports 


Grinnell automctic sprinkler fire protection systems 


plumbing and heating specialties ° 


Coast-to-Coast Network of Branch Warehouses and Distributors 


° Thermolier unit heaters ° valves 
water works supplies 


° Amco gir conditioning systems 
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The History of Ion Exchange and Some 
Interesting Recent Developments 


By O. M. ELLIOTT 
Sun Oil Company, Philadelphia, Pa. 


Ion exchange has proved a highly valu- 
able tool to present day industry. This 
paper gives some interesting glimpses 
into the past history of ion exchange and 
describes certain of its more recent appli- 


cations that foretell a strong future. 


OR at least ten thousand years man in his agricultural 
pursuits has been taking advantage of the ion ex- 
change capacity of the soil. In fact, our food and 

our lives are dependent on ion exchange processes. If 
the top soil did not have ion exchange properties, the 
fertility of the earth would have been completely dis- 
solved away by the rains of past ages and the chemical 
regeneration of the soil would be a much more costly 


procedure than at present. In recent years scientific 


understanding and advancements in the field of ion ex- 
change have far outstripped the old rule of thumb ap- 
proach and stagger the historian’s ability to keep the 


record straight. But long ago farmers were operating 
king-size mixed-bed ion exchangers for growing their 
crops and were regenerating these mixed-bed units year 
after year with natural and chemical fertilizers and with- 
out the aid of much technical literature. And even some 
of the technical literature on the subject began to be 
printed in Elizabethan times. Perhaps many have the 
impression that ion exchange is essentially a process of 
the Twentieth Century. Yet Sir Francis Bacon, who 
died in 1626, wrote on the subject. Let me quote briefly 
from his Sylvia Sylvarium. 


“Trial hath been made of salt water passed through 
earth through (contained in) ten vessels, one within 
another, and yet it hath not lost its saltyness (so) as to 
become potable: (but when) drayned through twenty 
vessels (it) hath become fresh.”’ 

Thus, Bacon only missed founding the quantitative 
school of ion exchange thinking by + five vessels. 

Of course, Bacon's scientific writings are not read 
much these days, but we know that they were avidly 
read by the technical people of his time. In fact, he 
even ran a science-fiction department for things to come, 
along with his many other duties as public philosopher 
and Lord Chancellor of England. In ‘‘The New At- 
lantis,’’ Sir Francis Bacon described certain imaginary 
water treating plants thus... ‘‘And we also have pools 
of which some do strain water out of salt and others do 
turn fresh water into salt.”’ 


* Presented before the 1956 Power Forum, Philadelphia Section, ASME 
April 24, 1956, Philadelphia, Penna 
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As you know, even in this present atomic age we still 
have no commercial method for the large scale puri- 
fication of sea water by ion exchange, although on less 
concentrated solutions we have surpassed all of Bacon's 
predictions. It is true that during World War II kits 
for easily desalting small quantities of sea water for con- 
sumption by marooned personnel were produced at high 
cost per ml of product. The difficulty in removing salt 
from sea water in large quantities by ion exchange is 
mainly a problem of the capacity per cu ft of the ex- 
changer. Dr. Stephen Hales addressed the Royal 
Society on this particular point in the year 1739. Speak- 
ing on ‘‘attempts to make sea water wholesome,’’ Hales 
reported that when sea water is filtered through stone 
cisterns “the first pint that runs through will be like 
pure water, having no taste of salt, but the next pint 
will be as salt as usual.’ This was more than two hun- 
dred years ago. 


Ion Exchange In Soils 


The ability of soil and clays to absorb components of 
manure liquors was studied during the early part of the 
Nineteenth Century on a more or less qualitative basis 
by Sir Humphry Davy, Gazzari, Lambuschini, Huxtable 
and others (1). Gazzari even hinted that the process 
could be reversed to release these substances. 

Although Fuchs (2) in 1833 reported that certain clays 
liberated potassium and sodium when treated with lime, 
the credit for the quantitative recognition of the phe- 
nomenon of ion exchange is generally attributed to Pro- 
fessor J. Thomas Way (3) and scientific gentleman farmer 
H. S. Thompson (4). One hundred years ago Professor 
Way was the consulting chemist for the Royal Agricul- 
tural Society of England and for fellow members he 
would do a soil analysis for three pounds. His ‘‘opinion 
on the genuineness of a manure sample,’’ however, could 
be obtained for 7s, 6d. One day scientific farmer Thomp- 
son asked Professor Way’s opinion on the genuineness of 
chemical ‘‘manures’’ he had used successfully. The use 
of ammonia sulphate as fertilizer was just beginning and 
practice again was advancing faster than theory. Pro- 
fessor Way therefore devoted many years of his life to 
re-establishing the proper relationship and as a side re- 
action made many pioneering observations and dis- 
coveries. Farmer Thompson was impressed by his ob- 
servation that ‘“‘manures such as potassium and am- 
monia’™’ are taken up by the soil, strongly held despite 
the leaching action of rain, and yet are available to fer- 
tilize the growing plants. After many practical obser- 
vations and chemical tests, farmer Thompson wrote a 
technical paper for the Royal Agricultural Journal. He 
thus informed Professor Way that . . . ‘“‘when solutions of 


! Numbers in parentheses refer to Bibliography at the end of the paper 
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salts of ammonia, potash, magnesia and so forth were 
made to filter slowly through a bed of dry soil five or six 
inches deep, arranged in a flower pot or other suitable 
vessel, it was observed that the liquid which ran through 
no longer contained any of the ammonia or other salt 
employed.” 

Professor Way carefully checked this on a laboratory 
basis and later wrote two then important papers in 1850 
and 1852 which he entitled ‘“‘On the Power of Soils to 
Absorb Manure.’’ He found that the soil samples he 
used did not retain the whole compound but only the 
metallic part now known as the cation. When he made 
the experiment with ammonium chloride or potassium 
chloride he obtained calcium chloride in the filtrate in 
amounts equivalent to the ammonium or potassium that 
had been removed from solution. To us now it is obvi- 
ous that the calcium loosely held in the soil had been re- 
placed by the ammonium or potassium cations. But we 
must remember that in the 1850's the theory cf ionic 
disassociation did not exist so that the replacement ob- 
servation by Thompson and Way was a difficult philo- 
sophical step. This same cation replacement could be 
observed using sulfate or nitrate compounds. Sand did 
not exhibit the replacement phenomenon and there was 
no increase in the effect if more lime was added to the 
clay soil. The samples were probably low in humus and 
therefore the influence of organic matter on what we 
today term hydrogen ion exchange and anion absorption 
was not observed. Professor Way reported that this 
base exchange power was possessed by clay even in 
freshly dug samples taken from a considerable depth. 
He decided that ‘the idea of the clay as a whole being the 
cause of the absorptive property was inconsistent with 
all (of) the (then known) ascertained laws of chemical 
combination.” He suggested that the phenomenon 
must be caused by the reaction of a calcium compound in 
the clay with the base that was replaced. After more 
experiments he concluded that the complex aluminum 
calcium silicates in the soil, (the zeolite silicates) were 
the active agents. He later synthesized a number of such 
compounds and found that they had this same base ex 
change property. Then he worked out what he con- 
sidered to be the relative order of displacement of the 
base fractions. He also observed that the extent of ex 
change increased with concentration reaching a leveling 
off value and that heat treatment destroyed the exchange 
power of the material. 

In L858 Dr. H. Eichhorn (5) reported on Professor 
Way's work in a paper entitled ‘On the Effect of Dilute 
Salt Solutions on Silicates.’’ He showed that the order 
of displacement as described by Professor Way could be 
changed, or completely reversed, by varying the concen- 
trations. Thus, the first faint recognition of the prin- 
ciple of chemical equilibrium appeared in the literature. 
But like Way and Thompson, Eichhorn also missed 
hydrogen ion exchange and anion absorption exchange. 
rhe acidic constituent in the filtrate in his experiments 
remained unaltered because he worked mainly with pure 
clays for which he had accurate chemical analyses. 


The Base Exchange Process 


Now the die had been cast for the base exchange proc- 
ess, but only for a one track process like a one track 
railroad running through the frontier. Others would 
later add the accurately measured milestones, the em- 
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bankments, the cutoffs and later the parallel lines of 
tracks. Although most of the knowledge of base ex- 
change was gained more than one hundred years ago, 
the second and third sets of tracks for hydrogen cycle 
exchange and anion absorption-exchange were not for- 
mally opened for traffic by industry until the 1930's. 
Farmers, however, went instinctively about their busi- 
ness of producing food by mixing humus with clay and 
sand, adding lime and regenerating the clay and humus 
with phosphates and nitrates and regenerating the clay 
with potassium and ammonia in the rule of thumb fash- 
ion. This paradox of practice outpacing theory is 
somewhat difficult to happily explain. Perhaps it was 
due to the slowness of acceptance of the theory of ionic 
dissociation. 

While farmers were hard at work regenerating their 
mixed bed ion exchangers with lime, ammonium, potas- 
sium and nitrate compounds, working along a three lane 
manure wagon track, industry slowly started its one track 
base exchange railroad. Probably the first successful 
industrial applications of ion exchange were made by 
Gans (12) between 1900 and 1910. Gans employed both 
natural and synthetic aluminum silicates for softening 
water. In 1908 Harm treated sugar solutions. From 
here on the list of names contributing to the process 
rapidly grows out of all practical proportions to fairly 
distribute credit except for major developments. Please 
excuse me if I do not mention your name or company. 
Credit controversy extends all the way along the line 
and at least once required a decision of the U. S. Supreme 
Court (14). 

As new types of ion exchange materials were developed, 
new industrial applications became possible. Although 
the siliceous zeolites exhibit some hydrogen exchange 


capacity they do not have long life and high capacity 


under these conditions. With siliceous zeolites it there- 
fore was not practical to operate in the hydrogen ex- 
change cycle for the simultaneous reduction of both the 
hardness and alkalinity of an industrial water supply. 
However, the development of the sulfonated coal-type 
cation exchangers called carbonaceous zeolites and the 
announcement by Adams and Holmes (13) in 1935 of sul 
fonic acid resins having high cation exchange capacity, 
together added another track to the ion exchange line. 
Inasmuch as both of these new materials have high capac- 
ity and are resistant to acid attack it finally became 
industrially feasible to regenerate the material with 
acid and to operate in the hydrogen exchange cycle. 
These materials, of course, can also be operated in the 
sodium exchange cycle. Thus, it finally became pos- 
sible by ion exchange to reduce the dissolved solids of 
high bicarbonate waters at the same time that the hard- 


ness was removed. 
Multi-Step Exchangers 


Adams and Holmes (13) also added the third main 
track and made the ion exchange process into a rapidly 
growing trunk line of science and industry when in 1935 
they also announced that polyamine type resins had 
been prepared that exhibited anion absorption-exchange 
properties. The deionization of water in a two step or 
multi-step ion exchanger was then attainable. The 
versatility of the new materials for ion exchange processes 
was promptly recognized, both by consumers and pro 
ducers, with the result that new organic ion exchange ma- 
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TYPICAL PERFORMANCE OF ANION 
EXCHANGE UNIT IN CHLORIDE 
BICARBONATE CYCLE 


PARTS/ MILLION 


HARDNESS 


TOTAL ALKALINITY OR CHLORIDES 


HARONESS 





GALLONS 


Fig. 1—Typical performance data for an anion exchange 
unit operating on the chloride bicarbonate cycle which is 
further described in text 


terials and processes are now being developed and set up 
almost faster than this historian can follow. The ion 
exchange manufacturers have taken on some of the char- 
acteristics of custom shop tailors with new ion exchange 
materials being quickly produced to fit specific industrial 
and biochemical needs. The new fields are multifold 
This historical review will show only a few of the broad 
new branch lines that ion exchange has opened for traffic. 

Farmer Thompson and Chemist Way would now have 
difficulty recognizing their off-spring. lon exchange has 
finally leaped entirely beyond the agricultural and water 
softening applications. It now also operates in such 
widely divergent fields as the fine chemicals, the solvent 
chemicals, the alkaloid (15) and vitamin chemicals, the 
blood banks (16, 22), gas separation plants, peroxide pro- 
duction (30), deaeration (31), the dairy and ice cream 
industry, boiler water testing, the electroplating indus- 
try, the human alimentary canal, isotope disposal and 
separation (17-19, 27, 28), uranium recovery (34), and 
purification and in a host of other fields. 

The annual expenditures for ion exchange equipment 
will help to bring ion exchange developments into com- 
mercial prospective. A. Mindler and C. Paulson at- 
tempted to estimate the sales volume of Ion Exchangers 
in 1954 before the uranium recovery development was 
declassified and they came up with the following figures: 
$18,000,000 per year 

6,000,000 per year 

5,000,000 per year 

3,000,000 per year 


2,000,000 per year 
1,000,000 per year 


Softening 

Deionization without silica reduction 

Deionization with silica reduction 

Mixed-bed deionization 

Split stream dealkalization 

Dealkalization 

As you will see later in this presentation, this estimate 
does not include the uranium recovery development that 
was not made public knowledge until fairly recently. 

At the Sun Oil Co.’s Sarnia, Ontario, Refinery we have 
had a 5 ft diameter anion exchange unit operating on the 
chloride bicarbonate cycle for about 2'/» years, Fig. 2. 
The unit was manufactured by a Canadian equipment 
company. There are brine wells on our Sarnia property so 
that the regenerating salt is practically free. We use 
this brine untreated except for filtering out suspended 
matter. This NaCl brine contains about 1 per cent 
CaSO, and 1| per cent NaeSO, on a dry basis plus traces of 
Fe and Mg. In the beginning we tried preliminary pre- 
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Fig. 2—Semi-automatic ion installation at the Sun Oil 
Co.’s Sarnia Refinery in Fig. 1 


cipitation treatment on the brine, but did not find suffi- 
cient over-all improvement to justify the additional ex 
pense and labor. We therefore discontinued the pre- 
liminary brine treatment. 

The plant was originally arranged to backwash and 
rinse the anion unit with soft water from the cation units, 
but as the load grew we finally had to backwash and 
rinse the anion unit with hard City water and we only 
use soft water to finish the rinse. Thus, the anion resin 
has taken a considerable beating. 

Fig. 1 shows typical performance data for this anion 
unit and how the performance falls off between chemical 
cleanups. About every second month we give the unit a 
treatment with sodium hypochlorite solution and a day 
later with cold sulfamic acid. The steel tank does not 
have a lining and we have found that the uninhibited 
sulfamic acid treatment does not significantly deteriorate 
the steel shell. 

It is interesting to plot the total alkalinity of the rinse 
water during part of the regular regeneration. I have 
done this many times, taking samples and titrating them 
every minute through the first part of the rinse. The 
total alkalinity in the rinse water goes as high as 10 to 
20,000 ppm for a few minutes, but the pH does not go 
above 9.0 during this operation. This apparently does 
not precipitate much of the potential calcium carbonate 
passing through the unit. If it did, we would be re- 
quired to acid clean the resin much more frequently. 

The boilers at our Sarnia Refinery are operated at 450 
psig pressure and contain integral superheaters. We 
have not had significant scale accumulations in the boilers 
or carry-over problems. 


Protein Separation 


One of the new fields for ion exchange has been in the 
research separation of the proteins (23-26, 32). When 
the structure of a protein is broken down by hydrolysis, 
the wreckage is a tangled mixture of amino acids. These 
protein building blocks have been difficult to separate 
and purify. Amino acids have the interesting property 
of being acids and bases at the same time. They can 
therefore form negative ions, positive ions or neutral 
molecules, depending on the acidity of the solution and 
on the amino acid concerned. A cation exchanger will 
take up the positive ions and an anion exchanger the 
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negative ions while neutral molecules will not be ab 
Amino acids can thereby be easily separated 
into these three groups. lon exchange and chromatog- 
raphy can then go farther. These tools working together 
can separate individual amino acids, provided the amino 
acids in the mixture all have the same charge. This 
separation depends on the fact that all ions of equal 
charge are not held with equal strength by ion exchange 
material. In the case of the amino acids there are subtle 
differences in the strengths of attachment that make 
possible this difficult separation. Chromatography and 
ion exchange solve this and similar difficult separation 
problems. In this double technique a small amount of a 
solution containing the mixture of amino acids after pre- 
liminary separations, is poured into the top of a long 
column of exchange material. The top of the exchange 
column takes up all of the ions. Then a regenerating 
solution is slowly run through the column. The ions of 
the regenerant displace the amino acids from the top of 
the exchanger and force them farther down into the 
column. The amino acid that is least strongly held 
moves farthest down the column and is first to emerge 
from the bottom. The longer the column the greater 
the relative differences in the movements of the various 
ions. If the column is long enough, each amino acid 
successively comes out completely separated from the 


sorbed. 


others. 

This chromatographic ion exchange technique can also 
be used to separate the rare earth elements. The rare 
earth elements are so nearly alike in their chemical prop- 
erties that chemical separation is extremely difficult. 
Before ion exchange and chromatography got together 
on this problem 95 per cent chemical separation purity 
was often difficult to attain. Now 99.99 per cent purity 
is possible. Similar separations between the ‘identical 
twins’ of the periodic table, zirconium and hafnium (29), 
are practical. 


Ton Exchange in Uranium Production 


The important place of ion exchange processes in the 
uranium production program is a complete story in itself. 
In 1948 the Shinkelobwe mines in the Congo, the EI- 
mines in Canada and the vanadium-uranium 
mines of the U. S. Colorado Plateau were the only com- 
mercial sources of uranium for the free world. In addi- 
tion, there were three known low grade sources in the 
form of South African gold tailing piles, domestic phos- 
phate rock and the Chattanooga shale formations. 
However, to process even the richest of these low grade 


dorado 


deposits would mean processing several tons of material 
to recover one pound of uranium oxide. 

During the 1949 to 1952 period it became necessary 
for the A.E.C. to plan the Savannah River, Paducah and 
Portsmouth Plants and expansions at Oak Ridge and 
Hanford. Uranium recovery from the South African 
gold tailing piles by ion exchange was the key step and 
the only sure way to meet the new schedule for uranium 
even though the process had never been tried except in 
laboratory glassware. Two small pilot plants were 
placed in operation in the beginning of 1950 and by De- 
cember of that year the process had been firmed up and 
the mill design was frozen 

In October of 1952 when the first plant was ready for 
operation a $65,000,000 construction program was under 
way with firm commitments for a much larger program 
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and all based on small pilot plant operation. The West 
Rand plant had to work on schedule and it did. It has 
been operating continuously ever since and the uranium 
production costs have borne out the optimistic estimates 
based on the pilot plant data (35). 

By 1957 the South African uranium program alone will 
have expanded into seventeen plants, drawing tailings 
from twenty-seven mines and will process over 20,000,000 
tons of tailings annually for uranium. But this is only 
the start because large ion exchange uranium recovery 
plants for low grade ore are now being constructed or 
planned for the Belgian Congo, Australia, Canada and 
the U. S. 

In the beginning of the laboratory work that led to this 
uranium recovery development, cation exchange was 
that time hexavalent uranium was 


tried because at 


thought to exist in solution solely as the uranyl cation. 
But these early attempts showed that cation exchange 
was not commercially practical because ferric iron, alu- 
minum and other metals were absorbed along with the 


(UO,) cation. Fortunately, the (UO2) ion forms anionic 
complexes in a stepwise fashion with sulfate ions as 
follows 


(UO.)*? UO.(SO,)a}? 


where 


n 1, 2, or 3 


The most abundant species present in a sulfuric acid 


solution of uranium is the anion [UO. (SO,),|~‘. 
Another and even stronger complex exists in carbonate 


solutions of uranium. 


(UO,)*? + 3(CO;)-? = [UO~CO 


Unfortunately other anions such as chlorides, nitrates, 
bisulfates and complexes such as ferric sulfate and even 
sulfate ions compete with the negative ion complex of 
uranium for sites on the anion exchange resin. The 
problem was one of finding an anion resin that was selec 
tive enough for the uranium complex to make the process 
a commercial success. The quaternary ammonium 
anion exchange materials proved to have this selectivity 

The recovery and concentration system begins with a 
clarified sulfate or carbonate leach liquor, depending on 
which system is used. Starting with the anion exchanger 
in the nitrate or chloride form the leach liquor is passed 
through a series of anion resin beds. Nitrate, or chloride 
ions in the resin are replaced by sulfate, bisulfate, ura- 
nium sulfate or carbonate negative ions and other complex 
ions. When the resin becomes preferentially loaded, the 
uranium complex is eluted by treating the bed with ni- 
trate or chloride ions in high concentration. No other 
regeneration cycle is necessary. 

Uranium is finally precipitated from the concentrate 
as the hydroxide using ammonia or some other alkaline 
agent. The precipitate is filtered and dried. Some iron 
complex may be retained by the resin and is eluted with 
the uranium complex. After concentrating to a uranium 
content of about 5 per cent, the bulk of the iron is re- 
moved as an easily filtered precipitate in the presence of 
sulfate under controlled pH conditions (37) of about 3.0 
to 3.8. The iron precipitate is dissolved and the solu- 
tion obtained is electrolyzed to plate out various metallic 
contaminants away from the uranium; the uranium con- 
taining solution from this step may be combined with the 
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filtrate from the iron removal step and treated to recover 
the uranium. Approximately 98 per cent of the uranium 
in the leach liquor can be recovered as a concentrate hav- 
ing a U;O, content of SO per cent to 90 per cent (36). 
This process is used cn gold ore tailing piles having a 
uranium content of only 0.1 per cent as U;Os. 

The South African program when completed will in- 
clude eight flotation plants to also process half of the 
gold tailings throughput for pyrite. Seven sulfuric acid 
plants will burn 480,000 tons of pyrite per year to pro- 
duce 540,000 tons of sulfuric acid to operate the uranium 
recovery plants. By 1957 the total cost of the uranium 
recovery, the flotation and the sulfuric acid plants will 
be about $190,000,000 

All of this only opens up new assignments for ion ex- 


change. As prospectors find many new uranium de 
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U. S. Uranium Production 


Speaking on June 25 at a Conference on Uranium 
and the Atomic Industry cosponsored by the Atomic 
Industrial Forum, Inc., and the Denver Research 
Institute, Jesse C. Johnson of the U. S. Atomic Energy 
Commission discussed uranium production in terms of 
requirements for military and civilian programs. He 
pointed out that uranium ores now mined in the Colorado 
plateau are now well above the average grade that can 
be obtained elsewhere in the world. In 1948 approxi- 
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mately 70,000 tons of uranium ore were mined in the 
United States. Today ore production is at a rate of 
nearly 3,000,000 tons per year and is expected to reach 
five or six million tons. 

At present the United States is the Free World's 
leading uranium producer, according to Mr. Johnson. 
Even with expansion programs now under way in 
Canada and South Africa, domestic production during 
the next five years will provide the major portion. 
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Cri de Coeur 
or 


The Problems of a Soviet Chief Designer 


The following article is a report of an 
interview following an industrial confer- 
ence—with chief designer L. A. Shubenko, 
of the Kharkov Turbine Works, which 
appeared in the Soviet publication Novy 
Mir (No. 7, page 33, 1955). The report 
is in many ways revealing and a slightly 
abridged version as presented in the 
English magazine, Engineering Vol. 
180, No. 4692, Dec. 30, 1955, is given here 
by special permission of that publication 
without comment. 


the discussion at the industrial 
why is there a gap 


N SUMMARIZING 
conference it is necessary to ask 
between the new and growing level of technology and 

the level of work of the backroom boys and the adminis 
In fact, why are the backroom boys dragging 
The first cause is the narrow scope of 


trators? 
along in the rear? 
designing and research work, and of our experimental 
shops. The second is the lack of creative friendly com- 
petition, and the monopoly position of many groups of 
designers; and the third is organizational trouble. How- 
ever hard it is to recognize our faults, we must do so, or 
everything will stop as it was before. 

We live in an age of immense developments in science 
and technology—the atomic age. Every day we hear of 
new dramatic achievements in human thought. In this 
state of affairs the time factor is of paramount impor- 
tance. If you stop for a single day, you fall behind. 
What has happened is that our scientific and technical 
inventiveness has been used up on meeting the most 
urgent needs of production, and has given little thought 
to tomorrow; it has been unable to prepare for future 
technical advance. At first, this lag was imperceptible 
(it may have been concealed from us by our self-satis- 
fied outlook), but now it has begun to hinder our rapid 
technological development. Consequently, some of our 
machines, which used to be as good as the best foreign 
designs, are now out of date, worse than, say, the Ameri 


can 
Vew Cars 


We have all seen on our streets a crowd of gaping by 
standers surrounding a foreign car of new design. Sooner 
or later a voice from the crowd annoys us by saying: 
‘‘We can't make them like that.’’ Is this remark really 
justified? Are Soviet designers less talented than those of 
Ford’s or General Motors? I’m sure they are not. We 
can ‘“‘make them like that’’—and we can do even better. 
As for gaping bystanders—why call them names?—they 
are more interested in new technology than the wretched 
managers of industry who should be producing new 


models of cars 
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Soviet engineers cannot be blamed. Our scientists 
and designers have often shown in practice their ability 
to produce the most advanced excavators, aircraft, 
turbines, and other machinery, not to mention our dis- 
coveries in atomic science. The talent of scientists and 
designers is evidently not at fault. 

For instance, we have to use aerodynamic estimates for 
the rotating parts of a turbine which are 20 years old, and 
even then they were made abroad. If we were able to 
experiment, we could easily make fresh estimates and 
raise the efficiency of our present turbines by at least 5 
per cent, which would save the country at least 200 
million rubles of fuel perannum. If 10 million of the 200 
million rubles we spend every year on warming the 
earth’s atmosphere with our power stations were allo 
cated for research, we should save 190 within a year 
But the Ministry of Finance is not in the least interested 
in making 2000 per cent profit. 


Monopoly and Competition 


The narrow scope of our experimental work also leads 
to our second fault—the absence of creative friendly com 
petition. The bestial competitive system does not and 
cannot exist here, but we need to have friendly competi 
tion, and we have no one to compete with. We are 
monopolists in our specialty. The Leningrad Metal 
Works are monopolists in other turbines. There is no 
one to criticize us—whatever we do, it is all right 
Recently, our Ministry showed some initiative, and 
ordered three groups of designers to work out the plans 
for hydroturbines at a new power station—our designers, 
and those at the Leningrad and Syzran Turbine Works. 
The group which produced the best preliminary plans 
would also prepare the final plans and make the turbine 
the three groups sprang to 
Friendly 


This was a very good start 
life, each trying to do better than the others. 
competition of this kind must be encouraged in every 
way. 

These are what one might call the large problems of 
large-scale power production. But the large depends on 
the small. Here are some small things that we have to 
put up with. Someone had the bright idea of including 
designers in the administrative staff. Now administra 
tive staffs are being cut throughout the country, so they 
have cut down the number of designers, who are the 
most necessary people in production; and of course they 
have not cut administrative expenditure on telegrams and 
unnecessary paperwork, but on pencils and drawing 
paper. 


Under-the-Counter Methods 
We have to buy them ourselves. Can you imagine a 


worker buying a drillina shop? But this is what design- 


ers have to do. I remember last year’s epic case of ten 
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sets of Kuhlmann drawing instruments. There is a 
small factory here in Kharkov which makes them, but it 
is all arranged so that their director cannot sell them to 
us, and our director cannot buy them; so the designer is 
deprived of the simplest instruments he needs. 

To get hold of these ten sets, I had to humiliate myself 
and be crafty, to use what we call blat (under-the-coun- 
ter methods), to rattle my medals at the regional commit- 
tee and the director of the other factory. I went from 
office to office to tie that director down. Finally, he 
took pity on me; ‘‘All right,”’ he said, ‘‘I will produce ten 
sets in excess of the plan and sell them to you.”” Then I 


crawled to my own director. ‘Give me the money for 


the instruments,’’ I said. A matter of a few thousand 
rubles would seem unimportant for a works as big as 
ours, but it turned out that a works director had no 
power to spend this measly sum without permission from 
his superiors. 

We had to scheme to get it. That great schemer 
Ostap Bender (the “‘hero”’ of Ilf and Petrov’s novel of the 
NEP period, ‘Diamonds to Sit On’’) would have envied 
our cunning. We got the money under the heading 
“Capital Construction.’’ We bought ten sets of instru- 
ments and now we are terrified of the auditors. If 
things go on like this, I’m afraid that pencils will find 
their way into ‘Capital Construction.”’ 





Steam Purity Determination by Tracer Techniques’ 
By E. E. COULTER and T. M. CAMPBELL 
Babcock & Wilcox Co. 


HE gradual improvement in the performance of 

separating equipment in boiler steam drums has 
necessitated corresponding improvements in techniques 
for measuring impurities in steam. Approximately 
thirty years ago, the most common method of measuring 
steam quality was the use of a throttling calorimeter. 
As operating pressures increased to 450 psi and above, the 
use of the throttling calorimeter became impractical, 
and the electrical conductivity method, which has been 
the most commonly used and the most widely accepted 
method for measuring mechanical carryover in steam for 
the past 20 yr, was developed. 

Although the almost universal use of the electrical 


conductivity method continues, there are a number of 


reasons for doubting the accuracy of the method. For 
example, the level of carryover from several boilers may 
be in the order of ppm, as indicated by the conductiv- 
ity of condensed steam samples; yet, the fouling that 
occurs in the turbines supplied by these boilers may vary 
considerably from a complete absence of turbine de- 
posits to deposits so severe that washing or cleaning is re- 
quired every few months. Also, variation of boiler load 
or solids concentration in the boiler water over wide 
ranges usually fails to have any effect on the conductivity 
of condensed steam samples. For these reasons many 
people, including the authors, suspect that the actual 
carryover level from most boilers is much less than that 
indicated by the conductivity method and that the sig- 
nificant changes in carryover occur at some low value 
where the method is inaccurate. 

The radioactive tracer technique consists of adding a 
radioactive material to boiler water and determining the 
amount of mechanical carryover in the steam by measur- 
ing its level of radioactivity. The principal advantages 
of the radioactive tracer technique are its extreme sensi- 
tivity and freedom from contamination errors. The high 
sensitivity results from the fact that the method consists 
of counting atoms rather than measuring concentrations 
of material in the samples. The method is completely un- 
affected by contamination from sample lines or by dis- 
solved gases in the condensate samples. 

The choice of the particular radioactive isotope to be 
used as a tracer is one of the most important initial de- 


* Abstracted from a paper of the same title presented before the American 
Society for Testing Materials, Atlantic City, N. J., Jume 17-23, 1956 
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cisions to be made. In general, gamma radiation is 
easier to measure than beta particles, particularly if the 
radioactive material and the measuring device used are 
separated by a containing vessel. On the other hand, if 
appreciable quantities of material giving off gamma ra- 
diation were used, it would be necessary to provide shield- 
ing to protect personnel in the vicinity of the test from 
harmful radiation. This consideration limits the choice 
of tracer materials to beta emitters for most steam purity 
applications. Since a large fraction of beta particles, 
even of high energy, are absorbed by as little as '/).-in. of 
plastic or similar material, a tracer which is a beta emit- 
ter must be conveyed outside the test apparatus and 
brought into close proximity to the radiation pickup. 

The half-life of the tracer material is another import- 
ant consideration. The half-life of the isotope chosen 
must be long enough to assure sufficient radiation 
throughout the length of the test. For example, if a 
material having a half-life of two weeks were chosen and 
it were desired to operate the test for four weeks, it would 
be necessary to provide four times the minimum radiation 
at the beginning of the test to have the minimum amount 
remaining at the end. However, a short half-life sim- 
plifies the problems of apparatus decontamination and 
tracer disposal after the test has been completed. Also, 
the specific activity of isotopes having short half-lives is 
usually high, and less material is required for a given 
radiation level. This has some influence on the cost of 
the tracer material, which is also a consideration. 

Because the radioactive tracer method does not appear 
to be practical for field-testing standard boilers, the 
search for other sensitive, practical methods of carry- 
over measurement was continued. Since the idea of 
using a single material as a tracer seemed attractive, the 
normal constituents of boilers waters were considered to 
determine whether any of them could be used as a tracer. 
As a result sodium was selected, since it is the major solid 
constituent of most boiler waters. Also the recent de- 
velopment of a flame photometer attachment with photo- 
multiplier tube for the Beckman model DU spectropho- 
tometer enables the measurement of sodium concentra- 
tions in condensed steam samples as low as 0.0002 ppm. 
This would give a sensitivity almost as great as the radio- 
active tracer technique and should be adequate for boiler 
test work. 


63 





WESTPORT JOINT 


(PATENTED) 


UPSIDE-DOWN any way you look at it. 


We apologize for this interruption of serious 
perusal unless it serves to emphasize a truism 
about your critical piping. To wit: that you'll 
have your feet on the ground when you en- 
trust high-temperature and high-pressure jobs 
only to experienced specialists. Considering 
Mitchell’s long, accredited service to leading util- 
ities and processing plants, next time... ask us in. 


W. K. MITCHELL & CO., INC. 
Philadelphia 46, Pa. 


PIPING 


PIPING FABRICATORS AND CONTRACTORS 


July 1956—C OM BUSTION 





Cleveland Host to ASME Semi-Annual Meeting 


oe the fifth time in its 76 vears of 
activity, The American Society of 
Mechanical Engineers selected Cleve 
land as the site for its Semi-Annual 
Meeting which was held June 18-21 
in the Hotel Statle 
program included papers on such sub 
ASMI 
tables,* a supercritical pressure in 
Stallation at the Avon Plant of Cleve 
land Electric Illuminating Co.,+ a 
novel arrangement of stacked feed 
handling 
practice in the Soviet Union, produc 


rhe usual varied 


jects as the interim steam 


+ 


water heaters,t materials 


tion engineering research in Great 
Britain, and design criteria for munici 
pal incinerators 

Che Calvin W. Rice lecture was pre 
sented by Donald F. Galloway, re 
search director of the Production Re 
search Association of Great Britain 
He reported that the U. S. Govern 
ment is spending about 100 times as 
engineering re 
British industry 
and government put together the 


much on university 
search projects as 


U.S. (private and 
about $5 billion on research and de 


vernment) spent 
velopment last year, compared with 
$700 million for Great Britain; re 
search employs about 500,000 per 
sons here, compared with 60,000 in 
Great Britain 

At the President's Luncheon Dr. 
Joseph W. Barker, president of the 
ASME, again emphasized the contri 
bution that individual members of the 
Society can make in alleviating the 
engineering shortage in years to come 
He urged that members put at the dis 
posal of their local communities the 
one thing that thev can alone give 
the priceless advantage of their spe 
cial training and experience in the 
engineering profession This can be 
done by serving with community or 
ganizations and by volunteer work in 
the local educational system, includ 
ing taking an active interest in the 
manner in which children are being 
taught Commenting on the millions 
of man hours that are donated every 
vear for the dual purpose of making 
ASME more useful to its members 
and of making the profession of me- 
chanical engineering more useful to 
the world in which we live, Dr. Barker 
asked for more cooperation from the 
membership inasmuch as the benefits 


* “Properties of Steam at High Pressures An 
Interim Table" by R. C. Spencer, C. A. Meyer 
and R. D. Baird, Comsustion, June 1956, Vol. 27 
No. 12, pp. 57-60 

t ‘Avon No. 8 A Supercritical Pressure Unit 
by C. A. Dauber, Cleveland Electric Illuminating 
Co To be published in Comaustion, August "56. 

t “A New Way to Simplify the Steam Power 
Plant” by H. A. Kuljian and W. J. Fadden, Jr 
which appears on pages 51-55 of this issue of 
COMBUSTION 
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are in direct preparation to individual 
participation in Society activities 

Dr. W. H. Brandt of Westinghouse 
Electric Corp., one of three men se 
lected by ASME late last year at the 
request of the State Department to 
make a tour of Russian manufacturing 
plants, presented a first hand report 
on materials handling practice in the 
While many Russian 
factories lag behind comparable Amer 


Soviet Union. 


ican installations in efficiency, Soviet 
engineers are capable of impressive 
achievements when they are working 
on problems big enough to come under 
the eyes of the planners in Moscow. 
In estimating the Soviet Union’s po 
tential war production, Dr. Brandt 
concluded as follows: ‘‘The advantage 
is on our side in providing a high 
standard of living for our people 
This advantage is not nearly so 
marked in producing for war. Every 
one must change to a planned econ 
producing for war. The 
know how to operate a 


omy in 
Russians 
planned economy. We must not be 
complacent about our ability to excel 
them in military production.” 


William F. Ryan 


he following persons were nomi- 
nated as officers of the Society for 
terms beginning during the 1956 An 
nual Meeting: President, William F. 
Ryan, vice president and engineering 
manager, Stone & Webster Engineer 
ing Corp., Boston, Mass.; vice presi 
dent, Region II, William H. Byrne, 
president, Byrne Associates, Inc., 
New York, N. Y.; vice president, Re 
gion IV, James Sams, Jr., Dean of 
School of Engineering, Clemson Agri 
cultural College, Clemson, S. C.; vice 
president, Region VI, Rolland S. 
Stover, owner of R. S. Stover Co., 
Marshalltown, Iowa; vice president, 
Region VIII, Clifford H. Shumaker, 
chairman, Dept. of Industrial En 


Methodist Uni- 
directors 


gineering, Southern 
Dallas, Texas; 
Eugene W. Jacobson, Chief Design 
Engineer, Gulf Research & Develop 
ment Co., Pittsburgh, Penna.; V. 
Weaver Smith, vice president, The 
Lummus Co., New York, N. Y 


versity 


Thermodynamics Teaching 


Two professors from Princeton 
University, William E. Reaser and 
S. L. Soo, presented a paper entitled 
‘‘Thermodynamics in Engineering Sci 
ence."’ They discussed a combined 
lecture and laboratory course which is 
intended to illustrate basic abstract 
ideas in terms of realistic laboratory 
demonstrations carried out by the 
students themselves. The authors 
described techniques by which the 
students learn how to measure ther 
modynamic properties and subse 
quently to use these properties in a 
simple analysis of a small power plant 
The latter, which may be either on the 
air or the steam cycle, consists of an 
oil-fired steam generator, a gas-fired 
superheater or air heater, a steam or 
hot air turbine generator, an air com 
pressor and necessary condensers, 
pumps and piping. 

The paper showed some interesting 
photographs of the laboratory equip 
ment and further expanded the philos 
ophy of this unique combination of 
thermodynamic theory and engineer 
ing practice 


Turbine-Generator Calculations 


Another of a series of papers by 
General Electric engineers on the sub 
ject of large steam turbine generator 
calculations was presented by H. 
Hegetschweiler and R. L. Bartlett 
under the title of ‘Predicting Per 
formance of Large Steam Turbine 
Generator Units for Central Stations.’ 
The paper includes more than 30 ta 
bles and graphs as well as a worked-out 
example for the calculation of the 
principal flow loss quantities for a 
250,000-kw cross compound, double 
flow reheat turbine generator 


Power Plant Analysts 

Prof. W. A. Wilson of Massachu 
setts Institute of Technology presented 
a paper entitled ‘“‘An Analytic Pro 
cedure for Optimizing the Selection of 
Power Plant Components” in which 
he attempted to devise analytical 
techniques which may limit the 
amount of “cut and try’ steps fol 
lowed in the selection of power plant 
components. The economic problem 
of optimization is to minimize the to 
tal cost of performing a given task 
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that the sum of two 


(1) operating costs, and (2) 


where 
parts: 
fixed charges 
plant the former are closely related to 
the heat rate and the latter to the total 
capital investment. In the 
heat rate can be improved by increas 


cost 18 


In the case of a power 


general, 


ing investment 

In making the 
Wilson divided the 
power plant as follows: 

(1) Components, such as coal han 
dling equipment, which do not influ 
the and 
chosen independently of the 
the plant. 

(2) Components, such as circulat- 
ing 
proper, 


analysis Professor 


functions of a 


ence power output can be 


rest of 


water system and the condenser 
which with each 
other to produce a single common 
effect which their influence is felt on 
the rest of the plant 

(3) Components in which the costs 
are determined solely by the selection 


cooperate 


of the cycle and the plant rating. 

(4) Components, such as the tur 
feedwater 
heaters, which are subject to modifica 


bine exhaust annulus and 


tion in finite steps 


Washingtor 
Winnipeg Man 


* Mixed refuse. © Converted 195¢ 
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Municipal Incinerators 


Based on his experience over the 
past 50 years in designing municipal 
incinerators, S. A. Greeley of Greeley 
and Hansen, Chicago consulting engi 
concluded that problems en- 
countered in this area are as difficult 
as any in sanitary and municipal en 
gineering. He pointed out that three 
types of designers may be involved in 
refuse incineration practice; the de 
signer in a public works office, the de 
signer in private consulting practice, 
and the proprietary designer associ 
ated with manufacturers 

Among the factors that may 
considered are the types of furnaces 
and burning rates, the degree of air 
pollution control and necessary equip 
ment, draft facilities and architectural 
treatment of the incinerator 
building. The author presented a 
number of tables giving specific nu 
merical values for some of the princi 


neers, 


be 


refuse 


pal design criteria 


A second paper on municipal incin 
erator design was presented by Abra- 


Material Burned 


Year ¢ 


Research Corp 

The O. Bartlett and 
Snow C 

Morse-Boulger Destruct 
Cc 

Morse-Boulger Destructor 
Co 


ham Michaels, chief of refuse disposal 
and plant operations, City of Phila 
delphia. First of all, the quantity of 
material to be disposed of must be 
known. Next the refuse collection 
practice of the municipality must be 
known, since this will determine the 
types of material, specific weights, 
moisture content and preparation of 
organic, combustible and noncombus- 
tible materials to handled. An- 
other consideration is the plant site 
and its location both with respect to 
the center of collection and to resi- 
dential areas which may affect the 
design to minimize air pollution. Still 
another fact to be considered is the 
mechanization auto 


be 


degree of and 
matic control desired by the munici 
pality. Mr. Michaels then described 
several current installations and pre- 
sented an extensive tabulation, shown 
in the accompanying table, which was 
originally prepared by W. A. Xanten, 
superintendent of Sanitation, Wash 
ington, D. C. 


Metallurgical Research 


Three engineers from the Alle 


rYPICAL INCINERATOR 


Monohearth 


Mon 


hearth 


Monohearth 


Monohearth 


Flynn & Emerich 
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gheny Ludlum Steel Corp., R. A. Lula, 
A. J. Lena, and H. M. Johnson, pre 
sented a paper entitled ‘Effect of 
Cold Work on Elevated Temperature 
Properties of Types 301, 305 and 310 
Stainless Steels 

They offered the following summary 
and conclusions 

(1) Cold-working increases the rup 
ture strength of Types 301, 305 and 
310 stainless steel, providing the de 
gree of cold work and conditions of ex 
posure are not conducive to extensive 
recrystallization 

(2) The increase in strength de 
rived from cold-working is greater in 
magnitude 
perature 


the lower the testing tem 


3) The optimum amount of cold 
work for beneficiation is dependent 
upon testing temperature and time 
and decreases with increasing time at 
a given temperature or with increas 
ing temperature at a given time 

(4) The beneficial effect of cold 
working on high-temperature strength 
persists through the recovery period 
prior to recrystallization 


5) Recrystallization results in a 


CONSTRUCTION COSTS 
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substantial decrease in high-temper 
ature strength of cold-worked austen 
The improvement 
in rupture strength obtained by cold 
rolling is gradually lost with increas 
ing amounts of recrystallization and 
the stress-rupture 
rolled materials drops below that of 
the annealed values with more than 
50-60 per cent recrystallization 

(6) The decrease in rupture strength 
due to recrystallization is due to 
structural modifications which occur 
as a result of recrystallization. These 
modifications include changes in grain 
size and carbide distribution in Types 
301, 305 and 310 as well as the accele- 
rated formation of sigma in Types 310. 

7) Martensite produced by cold- 
rolling in unstable austenitic stainless 
steels such as Type 301 transforms to 
austenite at testing temperatures and 
cannot contribute to high-tempera 
ture strengthening. 


itic stainless steels 


values of cold 


Piping Stress 
E. C. Rodabaugh and H. H. George 


of Tube Turns, Inc., 
per entitled ‘Effect of Internal Pres 


presented a pa 


e, Psi 


Pressure 


sure on the Flexibility and Stress In 
tensification Factors of Curved Pipe 
or Welding Elbows.”’ 

The flexibility and stress-intensifi 
cation factors presently applied in 
piping flexibility analysis to account 
for the behavior of curved pipe in 
bending have been derived from theo 
ries and tests with no internal pres 
sure. Pressure tends to reduce the 
effect of these factors but in smaller 
and relatively thick-wall piping, com 
monly used in the past, the effect is of 
a low order and may be neglected; in 
larger diameter relatively thin-wall 
piping the effect is pronounced. 

Using strain-energy methods, the 
paper develops a theory establishing 
the flexibility and stresses due to in 
plane and out-of-plane bending in 
cluding the effect of internal pressure, 
and includes results of carefully con- 
ducted tests. In a final step, the 
complex theoretical formulas are re 
duced to a simple and readily usable 
approximation 


Liquid Metals 


“Orifice-Metering Coefficients and 


Sonsulting Engineers 


a 
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> 


vert and Company As- 
Requardt & 
Metcalf & Eddy 
Greeley & Hansen 
W. D. Ehblers 
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Wyatt Hedrick 
Metcalf & Eddy 
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Greeley & Hansen 
None 
» Connel] & Asso- 
Department f Public 
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Department f Public 
Works 
City Engineer Depart- 
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Staff Employees 
Department 
Works 
None 
Day and Zimmerman 
Nussbaumer, Clarke & 
Veizey, Inc. 
Nussbaumer, Clarke & 
Velzey, Inc. 
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Greeley & Hansen 





Pipe Friction Factors for the Turbu- 
lent Flow of Lead-Bismuth Eutec 
tic’’ was the title of a paper by Prof. 
H. A. Johnson, University of Califor 
nia, Prof. J. P. Hartnett, University of 
Minnesota, W. J. Clabaugh and L. 
Fried, General Electric Co lhe 
authors described a test apparatus for 
measuring lead-bismuth flow and pres 
sure drop. Conclusions from these 
tests were that pipe-friction factors 
for the turbulent flow of lead-bismuth 
eutectic agree with those for the flow 
of water when compared on the usual 
a rela 


dimensionless basis. However 


tively large unexplainable spread oc 


curs in the results for lead-bismuth 
eutectic which requires further ex 
ploration 

When compared at the same orifice 
Reynolds number and for the same 
pipe size, the flow coefficients for lead 
bismuth eutectic and for water are 
equivalent for 
with flange taps. 


sharp-edged orifices 


An experimental heat-transfer pro 
gram has been under way for some 
time at the Brookhaven National 
Laboratory, the general purpose of 
which is to obtain and correlate heat 
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transier coefficients for liquid metals 
flowing outside of tube banks. A pa 
per entitled ‘‘Heat Transfer Rates to 
Cross Flowing Mercury in a Staggered 
lube Bank" by R. J. Hoe, Knolls 
Atomic Power Laboratory, D. Drop- 
kin, Cornell University, and O. E. 
Dwyer, Brookhaven National Labo 
ratory, offered the following conclu 
sions regarding the cross flow of mer 
cury in a staggered tube bank 

(1) The local heat-transfer coef 
ficient varies smoothly from a maxi 
mum at the forward stagnation point 
to a minimum at the rear stagnation 
point in the Reynolds-number range 
15,000-S80,000, the magnitude of the 
variation corresponding to a factor of 
4-5. 

2) The average heat-transfer co 
efficient for a tube in the interior of 
the bank varies as the 0.52 power of 
the velocitv for nonwetted tubes and 
0.66 for wetted tubes 

3) For tubes located in the interior 
of the bank, wetted tubes give heat 
transfer coefficients considerably 
greater than those for unwetted tubes 
e.g., at a Reynolds number of 5 
104 they are 35 per cent greater. For a 
tube located in the front row, the dif 
ference was found to be much greater 
the corresponding figure being 65 per 
cent 

(4) The lower coefficients obtained 
in the front row of the tube bank com 
pared to those in the interior, for the 
nonwetted tubes, is in general agree 
ment with results obtained with or 
dinary fluids 

lubes located at the side walls 
give coefficients about 20 per cent be 
low those for tubes located in the in 
terior of the tube bank 


C. F. Lucks and H. W. Deem oi 
Battelle Memorial Institute presented 
a paper entitled ‘Apparatus for Meas 
uring the Thermal Conductivity of 
Liquids at Elevated Temperatures 
Thermal conductivity of Fused NaOH 
to 600 C Thermal conductivities of 
liquids at elevated temperatures are 
measured using the steady-heat-flow 
method. Heat introduced into the 
specimen flows downward through a 
series-connected, Armco-iron heat-flow 
meter into a water-cooled sink. The 
quantity of heat flowing at steady 
heat-flow condition is measured from 
temperature gradients in the heat-flow 
meter. Guard cylinders, auxiliary heat 
controls, and insulation minimize lat 
eral heat flow \ hydrogen atmos 
phere protects the specimen. The 
method used for determining thermal 
conductivities gives true values for the 
liquid itself, eliminating the effect of 
liquid-solid interfaces and other fixed 
thermal resistances. Two or more 
heat-flow equilibria conditions are ob 
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tained at different specimen thick 
nesses, but at the same mean specimen 
temperature. The measured values of 
the thermal conductivity of fused 
sodium hydroxide are found to vary 
linearly with temperature, and at 400 
and 600 C are 0.0022 and 0.0026 cal 
per sec per sq cm per deg C per cm, 


respec tively. 


Combustion of Fluid Coke’ 


\t a session on Combustion of Fluid 
Coke sponsored jointly by the Fuels 
and Power Divisions, D. S. Frank of 
Pure Oil Co. paid tribute to Ollison 
Craig, vice president of the Riley 
Stoker Corp., who passed away early 
in April of this year. Mr. Craig was 
widely known for his activities in fuel 
burning research and equipment de 
velopment since the early days of pul 
verized coal firing in the 1920's. He 
active in the work 
of the Society 
with Harry H. 


presented at the 


had been extremel 
the Fuels Divisior 
and was a co-author 
Smith of a paper 
Cleveland meeting 
Burning Fluid Coke 
described the fluid coking process as 


the subject of 
he authors 


developed by Esso Research and En 
gineering Co. and provided typical 
physical and mechanical properties of 
fluid coke. They also made compari 
son of combustion properties with 
( »} 3 breeze and with delaved coke. 
Tests were conducted at the South 
Charleston, West Virginia, plant of 
Carbide and Carbon Chemicals Corp 
a 289,000 Ib per hr steam generating 
unit On the basis of these tests the 
llowing conclusions were drawn 
\ different furnace design to 
that used for anthracite is desirable be 
cause of the minute quantity of ash 
2) Efficiency 
hanced by a high primary air tempera 


burning is en 


ture 

3) Burner design must permit fast 
heating of the coke particles by the 
radiant heat from the flame 

t) Reinjection from the dust col 
lector is practical and results in an 
increase in efficienc) 

5) Opposed firing inclined down 
ward produces a very stable flame 
with little or no auxiliary fuel 

6) Opposed firing inclined down 
ward is effective in burning fluid coke 
with low excess air and very low car 


n loss 


Multi-Fuel Firing of Cyclone Fur 
naces”’ by G. A. Watts and W. L 
Sage, The Babcock & Wilcox Co., was 
the title of the second paper at the 
session on combustion of fluid coke 
Following a description of the princi 
ples of operation and the essential fuel 
requirements for cyclone firing, the 
authors described tests that were 
conducted at the B & W Research 
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Center on a number of fuels. These 
included lignites, natural gas, fuel 
oil, wood waste, fluid coke, petroleum 
pitch and coal chars. They discussed 
some of the problems of burning these 
fuels individually or in combination 
and provided information on a unit to 
burn coal char at a capacity of 1,500, 
000 1b of steam per hour 


Discussion 


There was considerable discussion 
of the two papers on burning of fluid 
coke. (Questions were raised as to the 
protection of inside of cyclones when 
burning oil or gas, and as to the possi 
bility of glazing the water-walls of the 
outer furnace when cyclone firing. In 
both cases the authors advised that 
these were not serious problems. Men 
tion was made that petroleum coke 
has a very small quantity of ash and 
tends to clean off furnace tubes to a 
degree greater than desirable unless 
there is supplementary firing of a fuel 
with higher ash content. In one 
California plant, full boiler rating has 
been obtained using a type of delayed 
coke with less than 10 per cent supple 
mentary fuel. Opinion was expressed 
that it may be feasible for plants now 
burning oil and gas to add pulverizing 
equipment to burn as much as 50 per 
cent fluid coke in the same unit 
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REVIEW OF NEW BOOKS 


Any of the books here reviewed may be secured through 
Combustion Publishing Company, Inc., 200 Madison Ave., N. Y. 





Problems and Control of Air 
Pollution 


Edited by F. S. Mallette 


Reinhold Publishing Corp., 272 pages, 
$7.50 


As a part of its Seventy-Fifth Anni 
versary celebration, The American 
Society of Mechanical Engineers spon 
sored the First International Congress 
on Air Pollution which was held in New 
York City on March 1-2, 1955. This 
book, which was edited by the secretary 
of the ASME Committee on Air Pollu 
tion Controls, contains the complete 
texts of the papers presented at the 
Congress 

Sessions at the meeting were devoted 
to gaps in available knowledge on air 
pollution, current developments, treat 
ment and recovery of sulfur dioxide, 
and air pollution experience outside of 
the United States There were two 


papers on the removal and recovery of 
sulfur dioxide from central station 
stacks, one by R. L. Rees of the Central 
Electricity Authority of Great Britain 
and the other by L. B. Hein, A. B 
Phillips and R. D. Young of the Tennes 
see Valley Authority. Among other 
subjects covered were meterological 
problems in air pollution 
exhaust from 
incinerator designs and health aspects. 


control, 


gases diesel engines, 


Fifth Symposium (Interna- 
tional) on Combustion 


Reinhold Publishing Corp., 802 pages, 
$15.00 


At the Fifth International Combus 
tion Symposium held at the University 
of Pittsburgh in 1954, 101 papers by 182 
contributors were presented. Empha 
sis was placed on the chemical aspects 


Modern Design for ue 


MODERN COAL 


The Fairmont Coal Bureau has made available to consulting engi- 
neers and equipment manufacturers a TYPICAL DESIGN for the 


small industrial steam plant. 


Prepared as a guide to good engineer- 


ing it achieves maximum economy of investment and engineering 


costs, while featuring: 




















Fairmont Pittsburgh Seam Coal i« the MODERN COAL. 


@ Fuel flexibility 

@ High efficiency 

@ Low fuel costs 

@ Minimum labor requirements 
@ Cleanliness, Automaticity, 


Reliability 


Enormous reserves and 


inherently favorably mining conditions guarantee ample supply and low production 


cost. Modern mining and preparation facilities assure uniform quality. 


Fairmont Coal Bureau engineers are freely available to help you solve fuel and com. 


bustion problems. 
lications. 


Write for Technical Reference Bulletins and other valuable pub- 


FAIRMONT COAL BUREAU 


Dept. DC, 122 East 42nd St., New York 17, N. Y. 


of combustion, especially combustion 
kinetics. Papers were presented on 
the following subjects: combustion of 
fuel droplets, propellant burning, com 
bustion of solids, diffusion flames and 
carbon formation, combustion of en 
gines, kinetics of combustion reactions, 
flame spectra and dissociation energies, 
heterogeneous burning and theoretical 
status of the kinetics of combustion 
reactions. 

Among the papers is one by Kenjiro 
Saji of the Nihon Cement Co., Tokyo, 
on the combustion rate of pulverized 
coal in a jet stream. The theory, 
which is applicable to combustion of 
pulverized turbines or 
cement rotary kilns, takes into account 
surface gas 
type of coal; particle 

turbulent diffusion 
and the superposition 
of solid and gas This 
paper, as do most of the others, re- 
quires the reader to have a more ex 
knowledge of the theory of 
combustion than is commonly acquired 
by most engineers in the steam power 
field. It is definitely a book for the 
combustion specialist, who will find the 
material extremely well edited by the 
Standing Committee on Combustion 
Svmposia of the Combustion Institute. 


coal in gas 


surface area of particles; 
and ash films; 
size distribution; 
and scale effects; 
combustion 


tensive 


Compilation of Chemical 
Compositions and Rupture 
Strengths of Super-Strength 
Alloys 


ASTM Special Technical Publication 
No. 170, 8 pages, $0.75 


Prepared by a task group of Subcom- 
mittee XII on Specifications for High- 
Temperature Super-Strength Alloys of 
ASTM Committee A 10 on Iron- 
Chromium, Iron-Chromium-Nickel and 
Related Alloys, this list was to include 
“all super-strength alloys known to or 
used by the various industries, giving 
chemical compositions and available 
properties.’’ Because mechanical prop- 
erties mean little without the details of 
processing and heat treatment, only 
the 100- and 1000-hour rupture strengths 
have been given and these only to 
give an indication of the relative high- 
temperature strengths of the various 
alloys. Since most of the alloys listed 
are of a proprietary nature, the prob 
able patentee has been listed 

The tabulated data in this compila- 
tion have been gathered from all pos 
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sible sources. The chemical composi 
tions are based for the most part on the 
mid-point of the specification range and 
are indicated in the tables as ‘‘nominal.”’ 
The creep and rupture data are not 
recommended for design purposes but 
are intended to give an idea of the rela 
tive strength of the various alloys. The 
alloy producers will be glad to supply 
the latest processing and heat treatment 
information as well as physical prop 
erties and other technical data for theit 
alloys 


ASTM Standards on Light 
Metals and Alloys, Cast 
and Wrought 


ASTM, 276 pages, $3.50 


rhis third edition of ‘ASTM Stand 
ards on Light Metals and Alloys, Cast 
and Wrought” sponsored by Committee 
B-7 on Light Metals and Alloys in 
cludes not only those specifications and 
methods of test which come under the 
jurisdiction of Committee B-7, but also 
those for light metal alloy die castings 
prepared by Committee B-6 on Die 
Castings, and those for aluminum wire 
and cable for electrical purposes spon 
sored by Committee B-l on Wires 
for Electrical Conductors. Several 
methods under the jurisdiction of Com 
mittee E-1 on Methods of Testing and 
Committee E-3 on Chemical Analysis 
of Metals as well as specifications for 
aluminum and aluminum alloy arc 
welding electrodes and for brazing 
filler metal under the jurisdiction of the 
AWS-ASTM Joint Committee on Filler 
Metal have been included to round out 
the compilation 

The standards include ingots, cast 
ings, bars, rods, wire, forgings, pipe and 
tube, sheet and plate, wrought products 
for electrical purposes filler metal, elec 
troplating, and general methods of 
test. There is also included the ASTM 
codification system for light metals and 
alloys 


Bibliography and Index on 
Dynamic Pressure Measure- 
ment 


By W. G. Brombacher and T. W. 
Lashof 


U. S. Government Printing Office, 124 
pages, $0.75 


National Bureau of Standards Circu- 
lar 558 contains a bibliography of 850 
items on dynamic pressure measurement 
and, in less detail, on related subjects 
such as static pressure measurement and 
general information on the components 
of instruments. The references have 
been extensively indexed and classified 
by subject and-author to assist the 
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A NAIL... 


Something that wasn’t there 
once cost a king his life. 


For today’s boiler, lack of internal protective surfacing 
is hardly a life or death matter. Yet consulting engi- 
neers ... insurance underwriters... power plant oper- 
ators increasingly specify, recommend, and purchase 
Apexior Number 1 for tube and drum coating. Why? 


Because the yardstick of return on investment proves 
Apexior’s unique service now pays off at the highest 
rate ever ... for modern boiler design and operation 
today permit a single Apexior application to deliver 
maximum protection not only for a normally antici- 
pated five years, but for one — three — sometimes 
even five years more! 


And because Apexiorizing is now a one-coat procedure, 
former material and labor estimates are halved. Pro- 
tection that can last twice as long today costs half as 
much ... a trifling pennies-per-square-foot premium 
to insure full return on a major capital investment. 


Like the legendary nail, boiler protective coating may 
seem a factor of small significance — yet it can mean 
the difference between acceptable performance and the 
best of which the modern boiler is capable. The assur- 
ance every inspection gives that tubes and drums are 
functioning at new-metal peak efficiency is the measure 
of Apexior’s service in maintaining highest steam pro- 
duction reliability and quality — a contribution meas- 
ured ultimately in profit dollars. 


Internal boiler protection is but one phase of Dampney 
corrosion-control activity. Dampney Coating Systems 
for specified end-use service protect cooling towers — 
intake water structures — pipeline interiors. For a 
recommendation to meet your requirements, write 
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R & Il #12 Block applied to 


refractory tile of boiler wall. 


fo Cut 
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BOILER WALLS 
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DUCTS 
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@ Lightweight @ White 

®@ Strong @ Rigid 

@ Clean sharp edges 

@ Coated—little or no dust 

@ Unaffected by steam or water 


@ High insulating efficiency 


Available in thickness from 2’ to 12” and sizes from 
3” x 18” to 12” x 36. Prompt delivery. 


REFRACTORY & INSULATION CORP. 


REFRACTORY BONDING AND CASTABLE CEMENTS 
eINSULATING BLOCK, BLANKETS AND CEMENTS 


124 WALL STREET @ NEW YORK 5, N. Y. 


user in the task of making detailed 


analyses with respect to his particular 
interest. The bibliography may also 
serve as the starting point for more 
detailed surveys of more specializcd 
parts of the subject 

Dynamic pressure measurements are 
important in many fields of science and 
industry, for example, vind tunnel 
research on explosives and propellants 
and internal combustion engines 

The publication was prepared as 
part of a cooperative program of de 
velopment and research in basic instru 
mentation sponsored by the Office 
Naval Research, Office of Scientific 
Research of the \ir Research 
Development Command and the Atom: 
Energy Commission 


Tables of Thermal Properties 
of Gases 


By Joseph Hilsenrath, et al. 


merime Printing Off 


4 


National Bureau of Standards Cir 
cular 564 comprises tables of therm: 
dynamic and transport properties of air 
irgon, carbon dioxide, carbon monoxide 
hydrogen, nitrogen, oxygen and stean 
Co-authors include Joseph Hilsenrath 
C. W. Beckett, W. S. Benedict, L. Fano 
H. J. Hoge, J. F. Masi, R. L. Nuttall 
Y. S. Touloukian and H. W. Woolle 
density, €1 


Compressibility factors 


tropy, enthalpy, specific heat, spe 
heat ratio and sound velocity are tal 
lated for real gases at pressures uy 
100 atmospheres and to temperature 
of 600 F for hvdrogen, 1590 K_ for 
dioxide, S50 K (1070 I f 
steam and 3000 K for the remainder 
The ideal gas thermod mic functions 
are tabulated uniformly to 5000 K 
Also tabulated are the vapor 


properties, 


carbor 


pressure 
and transport including 
thermal conductivit viscosit 
Prandtl number Comparisons are pt 
vided to show the deviations of the 
tabulated values from existing experi 


mental data 


America’s Resources of 
Specialized Talent 


By Dael Wolfle 
Harber & Brothers. 332 pages, $4.00 


In the face of the rising public interest 
ind concern with the supply of scientist 
and engineers, this book offers « 
siderable background material and st: 
tistical information. Subtitled “‘A Cur 
rent Appraisal and a Look Ahead 
it is the report the Commission on 
Human Resources and Advanced Train 
ing which began work in surveying the 
requirements for specialized manpower 


as far back as 1949 
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The author, who acted as director > 
ute Cini “ons omee [UO wateh dogs... CWLee as good as one... 


educational manpower as a_ national 





resource which must be developed, 
conserved and used to its greatest on 
advantage. Countering the argument L b Ww S @ = 
that an ‘“‘intellectual elite’’ may be the et t e 
outcome of too great emphasis on Sound Check 
specialized intellectual talent, he offers R ee | i re | rn € e Alarm 

Water Column 


the following concepts 
‘The democratic ideal is one of equal 


opportunity; within that ideal it is Safety feam 


both individually advantageous and 


inne give you a double check Sight Check 


make the best possible use of his talents 


3ut equal opportunity does not mean on boiler water 7 bs EYE-HYE 


equal accomplishment or identical use 
Remote Gage 
wal 








Some men have greater ability than 





others and can accomplish things which 
are beyond the powers of men of lesser . 
endowment Along with moral and i | This team works for thousands 
re and political so goes respect of plants like yours. It double 
tort > nrope se of excellet i . 

‘ “ ees apts ag epee oct checks boiler water levels—helps 

1 nation need to make elective . ° ee 
ro you achieve more efficient opera- 

tion, lower power cost, greater 
access to the education and opportu safety. The sensitive float-oper- 
nities which will enable him to develoy ae ated mechanism in the Alarm 
his potentialities What the special ¥ 3 Water Column sounds a last-re- 
ists have in common is trained in ll sort warning (see whistle) when 
telligence The s« ienti ts and ministers a " water approaches low or high 
the doctors and philosophers, the engt j : . 

' danger points. But for minute- 
by-minute scanning by operators, 
EYE-HYE beams its bright pic- 
use their heads, the capacity for abstract ture of true water level condition 
thought which takes them beyond the from a convenient eye-level posi- 
self-evident he state of the world : tion. It’s the original remote 
for some nigere to come may hinge reading gage — all-hydrostatic, 


» 0 Live eflectiveness A : 
largely upon i ivene with simple, sure. 
which the United States employs her 


intellectual resource Now alarms on pressures 


These words were written in 1953 and 
1954 at a time when there was less to 2500 Ibs.! 


widespread concern than at present 


use of its intellectual resources 


Democracy at its best gives each child 


neers and management experts, and all 
the other specialists who work at com 
parable levels possess the ability to 


Steam whistles are available on 
and engineers being trained on either Reliance water columns up to 
side of the Iron Curtain. They intro 900 psi only. But with the Re- 
duce a series of chapters which examine Ei) liance Levalarm EA17 you can 
trends in the number and specialty of j ; have vibratory horns or warning 
college graduates, the ccupational , lights or both, to assist EYE-HYE 
distribution of college graduates varia in water level “watch dog” serv- 
tions in supply and demand by special | ‘ 
ice. It pays you to have the Re- 
liance Safety Team for adequate 
entering specialized fields, how well boiler water level supervision. 
graduates are utilized and how this use = 7 ' Write for details — or ask your 
may be improved Reliance Representative. 
The book contains a great deal of 
statistical information showing the 


with the relative numbers of scientists 





ized fields, future supply of specialists 
intellectual characteristics of students 


distribution of students by specialized 
fields, over a period of fifty years, The Reliance Gauge Column Co., 5902 Carnegie Ave., Cleveland 3, Ohio 
together with their intellectual quali 
fications as measured by test scores 


lo those who are concerned with the The name hal introduced tufeiy walle columns .... tit 13554 
ened 


prospects for winning the world com 

petitive race in technology, this book rd ® 
should prove of considerable interest. af* : ‘ 

Editor's Note Please contact the Com 

bustion Publishing Co., 200 Madison 


Ave., N. Y. for copie 
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“ABRASIVE WEAR 
SHARPLY REDUCED” 


For longer service in pump casings, 
pipes, fittings and other parts sub- 
ject to abrasion, install castings of 
ABK Metal. A nickel-chrome iron 
of controlled structure, ABK 
Metal is produced only by Amer- 
ican Brake Shoe Co. 


Time after time, on installation 
after installation, reports show 
that ABK Metal is the most eco- 
nomical material for handling ash. 
The ultimate saving on replace- 


ment parts alone is appreciable. 
The saving in maintenance and 
shut-downs may be even higher. 


Extended life of 4 or 5 to 1 is not 
unusual when ABK Metal replaces 
other iron castings—especially in 
those ash handling or disposal sys- 
tems where the most severe type 
of abrasion is encountered. Don’t 
let ABRASION steal your opera- 
ting dollars .. . SPECIFY ABK 
METAL. 


AB) Cats" nemmme 


BRAKE SHOE AND CASTINGS DIVISION ] 
230 Park Avenue, New York 17, N.Y. 
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A LIGHT 


THAT 
NEVER FAILS 


Now Possible With Peabody 
Rifled Tile For Gas Fired Burners 


Lost ignition need no longer worry users of gas-fired 
burners, even under the most adverse firing conditions. 
The new Peabody tile, specially designed and 

rifled in direct opposition to rotating air flow, in the 
rotating fuel and air mixture develops low-velocity eddy 
currents that give desired ignition. The protected burning 
eddies act as a series of continuous and positive pilots 
for the main body of the combustible mixture. This 

new tile permits minimum load setting of gas 

with rapid maximum settings of wind-box pressure 
without loss of ignition! 


Available on new or old Peabody installations, the new 
Peabody Rifled Tile offers users unusually high 
efficiencies, plus unequalled dependability 

of ignition—under even the most adverse firing 
conditions. Write today for complete details. 


PEABODY ENGINEERING CORPORATION 


232 MADISON AVENUE, NEW YORK 16, N.Y. 


OFFICES IN PRINCIPAL CITIES 
PEABODY LIMITED @ LONDON, S.W. 1, ENGLAND 
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“27a, Policy for Decades: 


For Example ... SINGLE MOTOR DRIVE 
on DIAMOND Model IK 
Long Retracting Blowers 


Diamond engineers have always felt that it isn’t 
enough to design a mechanism that will do a 
particular job. It is also important to make that 
mechanism as simple and dependable as possible. 
It has been a Diamond policy for decades to 
“keep it basic’. . . to avoid unnecessary complica- 
tions that make trouble for users. 


Diamond Soot Blowers are simple, effective, de- 
pendable. Typical of this is the single motor drive 
on the Model IK Long Retracting Blower. One 
motor working through a simple system of rugged 
gears simultaneously propels the carriage and 








A Single Motor (air or electric) 
Both Rotates and Propels 
the Long Lance Tube 





rotates the lance tube. The ultimate in simplicity 
and reliability, there is only one set of motor ele- 
ments, one set of control elements, and one set of 
power supply facilities to operate and maintain. 
Long experience with all kinds of cleaning prob- 
lems has demonstrated conclusively that there is 
a single universal cleaning pattern suited to sub- 
stantially all conditions encountered. 


Other important features of Model IK are the 
mechanically operated valve with adjustable pres- 
sure control, and the positive gear drive. For addi- 
tional information ask for Bulletin 1080V. 


DIAMOND POWER SPECIALTY CORPORATION 


Diamond Specialty Limited + 


LANCASTER, OHIO 


Windsor, Ontario 
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Western Precipitation 


p Unit 


COMBINATION MECHANICAL COLLECTOR 
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for recovering fly ash in 
power plant operations 


| he control and recovery of fly ash has always been a 
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troublesome problem in power plant operations. But with the Western 


Precipitation CMP unit, new economy and efficiency in the solution of fly ash 


problems are now being 


The CMP is backed by experience 
unequalled in the industry. Almost a 
half century ago Western Precipitation 
pioneered the first commercial applica- 
tion of the now-famous Cottreli Elec- 
trical Precipitator to recover suspen- 
sions electrically, and this equipment is 
still unsurpassed in its field 

Subsequently, to provide efficient 
fly ash recovery for low cost installa- 
tions, Western Precipitation also pio- 
neered the first multiple small tube 
mechanical recovery unit—the Multi- 
clone Collector—and this unit promptly 
gained widespread recognition for the 
new efficiencies it brought to mechani- 
cal recovery processes. 

From these years of experience 
gained in both electrical (Cottrell) 
and mechanical ( Multiclone) recovery 
installations, Western Precipitation 
pioneered another new development 
the CMP Unit—a unit that combines in 
one compact installation many of the 
hest features of both electrical and me- 


chanical recovery methods. 


In a typical CMP Unit, the stack 
gases first pass through a Multi- 


clone section where the heavier 
materials are removed mechani- 
cally. 

The partially-cleaned gases 
then pass through a Cottrell sec- 
tion where the very small par- 
ticles are removed electrically. 


[his arrangement offers several im- 
portant advantages. Removing the 
heavier particles by Multiclone permits 
the bulk of the recovery operation to 
be performed with relatively low-cost 
equipment. Using a Cottrell for the 
final clean-up insures unusually high 
recovery efficiency—approaching theo- 
retically perfect, if desired. Thus, the 
CMP combines high recovery effi- 
ciency with low total cost. 

But that’s not all. The CMP has 
the further advantage that the efficiency 
curve of the Multiclone portion com- 
plements that of the Cottrell portion 
(as shown in the chart above) —there- 
fore the overall CMP efficiency re- 
mains practically uniform at all boiler 


loads. 


At low boiler loads the recovery 


made in both small and large plants. 


efficiency of the Cottrell is high- 
est and at high boiler loads 
the Multiclone reaches its maxi- 
mum efficiency. But, by combin- 
ing the two types of equipment 
into a single CMP Unit, the effi- 
ciency curve remains almost flat, 
regardless of the boiler load. 


With CMP equipment, even small 
power plants can now afford adequate 
fly ash recovery. However, this fact is 
all-important... full benefit of the 
CMP principle can be obtained only 
by a proper balance between the me- 
chanical and electrical sections to fit 
the individual requirements of each in- 
dividua 
tion is better equipped to provide this 
critical “know-how” than the one or- 
ganization that has had far more expe- 


installation. And no organiza- 


rience than any other in BOTH electrical 
and mechanical recovery methods... 


WESTERN PRECIPITATION CORPORATION! 


This, the industry's finest recovery 
experience, is as close to you as your 
telephone. May we supply further de- 


tails? 


Western Precip! tation Corporation 


Designers and Manufacturers of Equipment for Collection of Suspended Material from Gases 
... and Equipment for the Process Industries 


Main Offices: 1022 WEST NINTH STREET, LOS ANGELES 15, CALIFORNIA 


Chrysler Building, New York 17 « 1 North La Salle Street Building, Chicago 2 « Oliver Building, 
Pittsburgh 22 « 3252 Peachtree Road N. E., Atlanta 5 « Hobart Building, San Francisco 4 
Precipitation Company of Canada Ltd., Dominion Square Building, Montreal 

Representatives in all principal cities 





